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Commercial Fertilizers for Winter Wheat In 
Relation to the Properties of Nebraska Soils 
R . A. OLSON and H. F. RHOADES 
Department of Agronomy 
INTRODUCTION 
O F THE CULTIVATED CROPS produced in Nebraska, winter wheat ranks 
.second only to corn in importance. During the crop years of 
1948-1950, the harvested winter wheat acreage averaged about 3,833,000 
acres in comparison with 2,501 ,000 acres of oats and 7,051,000 acres of 
corn. The average yield of winter wheat in the state has b een esti-
mated at 19.7 bushels per acre for the seven-year period 1944 through 
1950. It is well known that varietal choice, the nature of the soil, 
crop rotation, several cultural practices relative to land preparation, 
seeding and harvesting, clima tic conditions, and fertilization prac-
tices have an important bearing upon yields. The effects of crop 
variety and cul tural practices on yields have been summarized else-
where for Nebraska (19). The first recorded fertilizer studies with 
winter wheat in Nebraska were started in 1916 b y Kiesselbach and 
Alway at Lincoln. Further studies with commercial ferti lizer for 
winter wheat were conducted by Russel and others in the l 920's 
and early 1930's (30), by Weldon and others in the period from 1938 
to 1942 (9, 27, 43), and by Fitts, Hanway and others in the period 
from 1945 to the present time 13, 14). Most of these fertil izer 
studies have been conducted in southern and western Nebraska . 
It is the purpose of this bulletin to report the investigations that 
have been made correlating soil properties and fertilization practices 
with yields of winter wheat. Since the success or failure of fer-
tilization practices is so dependent on specific soil conditions, an 
attempt has been made h ere to further characterize the m ajor soils 
of the different sections of the state which are devoted to wheat 
production and to analyze fertilizer practices and results in relation 
to the soil properties determined. The data are summarized for the 
four sections of the state designated as southeastern, east-south-central, 
west-south-central and western Nebraska (F igure I ). These sub-
divisions have been made because of variations in so ils, climate and 
customary soil management practices; thus, each section is r eason-
ably uniform as to these factors. 
1 Assistant Professor in the Department of Agronomy, Nebraska Agricul tural 
Experiment Station; and Professor of Agronomy and Agronomist, Bureau of Plant 
Industr y, Soils and Agricultural Engineering, respectively. 
3 
AAA 
fl t:, 
•• 
WESTERN 
Keifh ,·s~erm~n, 
Rosebud Soils 
AA I El 
00 i •fJ.At-----7----t---
•o D o 6 A 
* 0 
+ 1947 
• 1948 
~ 1949 
D 1950 
D 1951 
A 1952 
" 
" 
II 
,, 
a 
t,,, • •la ot:,•J.t..At:,e 
~ti • + I A 
Holdrege, Keith Soils Crete, Hastings Soi ls 
SOUTH 
EASTERN 
FIG URE !.- Loca tions by counties of wheat experiments, 1945-1952, and subdivis ions of the stale according to major zonal soils devoted 
to whea t production. 
>I>-
z 
"' ., 
" i;; 
=-> 
::0 
"' ~ 
> ~ 
;i: 
C: 
C 
~ 
~ 
z 
.... 
-1 
1-:> 
COMMERCIAL FERTILIZERS FOR WINTER WHEAT 5 
EXPERIMENTAL METHODS 
Soil samples for laboratory study were collected from sites where 
commercial fertilizer studies were conducted during the years 1948 to 
1952. The primary objective in the location of the plots was their 
placement on soil areas as representative as possible of the major 
zonal soils growing wheat. In addition, topography and past soil 
management practices were considered in making selections so that 
the locations would be representative of the present fertility status of 
the major zonal soils in each section of the state. It should be 
emphasized that this report of soil properties and fertilizer results 
does not cover marginal lands of the state. 
Field Methods 
Most of the field experiments during recent years have been con-
ducted by the Outstate Testing Project in cooperation with farmers 
and county agents.2 From 1945 to 1947, small nursery-type plots 
were employed for the work, while from 1948 to 1952 the wheat was 
planted and fertilized with a combination grain and fertilizer drill 
in plots one drill width (4 or 5 feet wide) by 150 feet long. Fertilizer 
treatments have varied as to type and time and rate of application, 
although in most cases applications of nitrogen and phosphorus fer-
tilizer alone, combinations of nitrogen and phosphorus fertilizers, 
and combinations of nitrogen, phosphorus and potassium fertilizers 
were made. Three to five replications have been used in these experi-
ments. Figure 2 shows a general view of one of the 1950 experiments. 
Soil samples were collected at each of the experimental sites in 
the fall prior to planting. They were obtained with a spade from the 
depths of O to 8 and IO to 20 inches, each being a composite sample 
from 8 to 12 different locations within the experimental area. Lab-
oratory studies reported have been made on these samples. 
The Outstate Testing field work was carried out under the supervision of J. W. 
Fitts and J. J. Hanway in the years 1945 to 1947; J. J. Hanway, F. V. Pumphrey, 
Paul Ehlers and R. E. Luebs in 1948; R . E. Luebs and A. F. Dreier in 1949; and 
A. F . Dreier, G. W. Lowrey and P. L. Ehlers in 1950-52. The senior author assisted 
in planning the field experiments and in the interpretation of data, located plots 
and collected and analyzed soil samples from 1947 to 1952. Much of the work here 
reported was made possible by grants-in-aid with the Spencer Chemical Co., be-
ginning in 1947, and with the Phillips Chemical Co. , beginning in 1951. Addi-
tionally, fertilizer materials were provided by these companies and by the Anaconda 
Copper Mining Co., The Tennessee Valley Authority, Colorado Fuel & Iron Co., 
Mathieson Chemical Co ., Farm Fertilizers Inc., and Lincoln Service & Supply Co. 
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FIGURE 2.-General view at two stages of crop development in one of the Outstate 
Testing experiments. Cass County. 
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Analytical Methods 
Moisture equivalent of the surface soil samples was determined by 
the method described by Russel and Burr with a slight modifica-
tion. 
Organic matter was determined by the method of Walkley and 
Black, as modified by Smith and Weldon (37). 
A Macbeth pH meter was used for determining soil reaction. Read-
ings were m ade on 1 :2.5 suspension of soi l and distilled water. 
N itrification rate of the surface soils was obtained by incubating 
duplica te 100-gram soil samples in pint milk bottles a t moisture equiva-
len t wetness and 25 ° C. temperature through a four-week period. 
Nitrate-nitrogen was determined a t the beginning and the end of the 
incubation period by the phenoldisulfonic acid method (7) employing 
a Fisher electrophotometer. N itrification rate was then derived by 
subtracting the initial nitrate-nitrogen content from the nitrate-
nitrogen content at the end of the incubation period. 
Soluble phosphorus was determin ed by shaking for 5 minutes a 
IO-gram sample of soil with 15 c.c. of one of two buffered acetic-boric 
acid solutions (pH 5.0 and 7.4) described by P eterson and Goodding 
(28). The solution with pH n earest the pH of the soil was used. The 
suspension was permitted to stand one h alf hour before filtering. A 
Klett-Summerson photoelectric colorimeter was employed for the 
determina tion. 
Cation exchange capacity was determined on some of the soil 
samples by th e ammonium acetate leaching method as described by 
P eterson and Goodding (28) with slight modifications. Potassium, 
calcium and sodium in the ammonium acetate leach ate were determ-
ined with a Beckman flame photometer. Exchangeable magnesium 
was obtained by the titan yellow method essentially as described by 
Mehlich (25) . 
Methods described by Snedecor (41) were employed in determining 
analyses of variance and the regression analyses reported h ere. 
CHARACTERISTICS OF THE IMPORT ANT SOILS 
PRODUCING WHEAT IN NEBRASKA 
A large amount of information is available on the soils and soil 
materials of Nebraska in county and state survey reports. These 
morphologic and geologic data h ave been supplemented in recent 
years by the determination of specific physical and chemical proper-
ties of a number of soil series (1, 21, 22, 28, 38, 39) . Additional char-
acterization of all of the important soil series of the state as to their 
physical and ch emical properties is needed . 
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Although winter wheat is produced on 30 or more soil series in 
Nebraska, the greater portion of the total acreage is planted on the 
following seven soil series; Sharpsburg (southeastern section); Crete 
and Hastings (east-south-central); Holdrege (west-south-central); and 
Keith, Sherman and Rosebud (western). Most of the recent f ield 
studies have been conducted on soils of these series . 
Description of Soils 
Sharpsburg soils. T hese prairie soils occur exten sively on th e 
n early level to gently undula ting loess-capped upland of southeastern 
Nebraska. Large areas of soil originally classified and mapped as 
Marshall and Carrington in the old county soil surveys of southeastern 
Nebraska have been reclassified recently as Sharpsburg b ecause of a 
higher than permissible clay content of the B horizon in the case of 
the former and a r ecognition of greater areas of loess surface m an tle-
rock and less glacial m aterial at the surface in the case of the latter. 
Some physical and chemical characteristics of Sharpsburg so ils are 
presented in the appendix (Tables 28 and 29). The surface soils pos-
sess a relatively large moisture-retaining capacity due to high clay 
and organic matter contents. The soils are moderately to strongly acid 
in reaction to a depth of 20 inches or more. Liming is n eeded for a 
satisfactory production of legumes, esp ec ially alfalfa and sweetclover. 
Soluble phosphorus by comparison with other series investigated is 
rather low. 
Crete soils. Extensive areas of soils belonging to this series occur 
in the east-south-central section of Nebraska. In the past they have 
been classified as "Planosols within the Chernozem region." Thorp 
(42), however, more recently h as proposed a designation of "maximal' ' 
Chernozem because of the absence of a grey layer. In this region 
these soils h ave developed from Peorian loess on nearly level to 
gently undula ting uplands. Surface and internal dra inage are slow, 
causing difficulty in establishing crops during the spring months of 
years of normal or above normal rainfall. The slow intern al dra inage 
due to the fine-tex tured, massive subsoil is fur ther responsible for 
restricted root development of crops in such year s, r esulting in low 
drouth resistance. In most cases, erosion h as been slight on Crete soils. 
Moderately strong acidity of the surface samples of most of the 
Crete soils studied is indicated b y pH values ranging from 5.4 to 6. 3 
(Appendix, Table 28). It appears that liming might prove a prof-
itable procedure for leguminous crops grown on Crete soil. However, 
that practice has received little attention on the Crete soils in east-
south-central Nebraska. 
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Hastings soils. Soils of the Hastings series occur in extensive 
areas throughout south-central Nebraska. In the western portion of 
the region of their occurrence, for example in Kearney, Adams and 
Hamilton Counties, they occupy a position on the nearly level uplands, 
while in the eastern part of the region they occur on gently to moder-
ately sloping positions. The parent material in all cases is Peorian 
loess. The designation of "medial" Chernozem proposed by Thorp 
appears quite fitting. The subsoil is considerably more compact and 
finer-textured than much of what has been mapped in the Holdrege 
series, but it does not approach the denseness of the Crete subsoil. 
Surface and internal drainage are normally adequate except in situ-
ations where the soil has been poorly managed, in which case surface 
crusting and runoff may be serious. For the most part, erosion has 
not been severe with Hastings soils other than in the eastern region 
of their occurrence where they occur on moderate slopes. 
The Hastings soils investigated have reactions within the medium 
to slightly acid (pH 5.6-6.5) range, averaging about 0.3 pH unit higher 
than Crete samples studied (Appendix, Table 28). Mean percentage 
base saturation and exchangeable calcium saturation average higher 
than in the Crete soils (see Appendix, Table 29). 
Holdrege soils. Holdrege soils occupy large areas of the nearly 
level to gently rolling loessial uplands in west-south-central Nebraska. 
These soils usually occur on the gentle slopes grading to the steep-
bank canyons in this area of the state. In the past at least two 
different soils have been classified and mapped as Holdrege, one of 
which fits the designation of "medial" Chernozem by Thorp and 
the other "minimal" Chernozem. The former rather closely resem-
bles Hastings soils as described except for a somewhat thinner solum, 
a higher lying zone of lime accumulation and a somewhat more fri-
able subsoil. The current studies have been conducted on the soils 
of "medial" development. Surface and internal drainage are good, 
the former being excessive during intensive thundershowers which 
are common in this area. This has been responsible for moderate to 
severe erosion wherever past management of cultivated fields has 
not been aimed at runoff and erosion control. 
The Holdrege soils are about neutral in reaction in the surface 
horizon, are lower in clay and organic matter contents than the pre-
vious series described, but contain relatively large amounts of soluble 
phosphorus. 
Keith and Sherman soils. Keith soils occur on the loess-mantled 
tablelands of western Nebraska. They may be considered "medial" 
Chestnut soils. The topography ranges from nearly level in the most 
westerly part of the state to gently rolling in the southwestern part. 
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Surface and internal drainage are good; thus, water erosion is seldom 
a serious problem. Wind erosion is often severe, esp ecially during 
the winter and spring months of dry years when cover is limited. 
Sherman soils occur in intimate association with soils of the Keith 
series throughout western Nebraska. A dark surface layer of a buried 
soil in the Sherman solum serves to distinguish the series from Keith 
soils. The Sherman and Keith soils are regarded as ideal for dry 
farming because of their high inherent fertility, their relatively 
great depth for moisture storage, and their favorable textural and 
structural properties for optimum moisture penetration and storage. 
The Keith and Sherman soils are n eutral to slightly alkaline in 
reaction in the surface 20 inches, are well saturated with bases and 
contain large amounts of soluble phosphorus. 
Rosebud soils. Rosebud soils are developed from limy Tertiary 
sandstones of western Nebraska. Where found in association with 
Keith and Sherman soils, they normally occupy the ridge tops and 
steep er slopes leading down to the more level loessial positions. The 
soil horizons are similar to those of the Keith series. The depth to 
bedrock naturally is quite variable, the average being about 2½ feet. 
Whereof average depth or deeper, the soil is highly satisfactory for 
dry farming, but where it is much sh allower the storage area for 
nutrients and water is inadequate. Because of the topographic posi-
tion, wind and water erosion are often severe. 
It is interesting to note that the initial nitrate determinations 
average much higher for the Keith, Sherman and Rosebud soils than 
for any of the other soil series. This is to be expected since most of 
the sites were summer fallowed and the samples were collected n ear 
the end of the fallow period when nitrate accumulation should b e at 
a maximum. It is further significant to note that nitrification rate 
is of higher magnitude than would be expected from the average 
organic matter percentage in comparison with the other series studied. 
This m ay be attributed in part to the shorter period of time these soils 
have been cultivated. Also, the higher calcium saturation and perhaps 
better aeration of these soils probably favor nitrification. 
Comparison of Soil Properties of the Different Soil Series 
Increasing clay and organic matter contents of soils from west 
to eas t across the state are apparent from an observation of the mean 
moisture equivalent values in Table I. Mean moisture equivalent 
values were 22, 24 and 28 p er cent for the loam soils of western 
Nebraska, the silt loam soils of south-central Nebraska and the silty 
clay loam soils of sou theastern Nebraska, respectively. 
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TABLE !.-Comparison of soil properties of the different soil series studied from 
1948 to 
Soil property Depth , I :~s~~~~ I 
mches (Sharpsburg) 
Moisture equivalent, % 0-8 
Organic matter, % 0-8 
Nitrification rate , p.p.m. 0- 8 
NO,- N in 4 weeks 
Soluble P , p.p.m. in 0-8 
1 ½: 1 ex traction 
pH 0-8 
10-20 
Cation exchange 0-8 
capacity, m.e./ 100 g. 10-20 
Exchangeable bases, 0-8 
% saturation 10-20 
Exchangeable calcium, 0-8 
% saturation 10-20 
Exchangeable magnesium, 0-8 
% saturation 10-20 
Exchangeable potassium, 0- 8 
% saturation 10-20 
Exchangeable sodium, 0-8 
% saturation 10-20 
27.7 
3.87 
26.6 
0.21 
5.7 
5.8 
24.7 
29.3 
86 
89 
59 
60 
22 
25 
5.1 
3.0 
0.40 
0.65 
East-south- I West- I Western 
central south- (Keith, 
central Sherman, 
(Crete) !(Hastings) (Holdrege) Rosebud) 
24.5 
2.78 
16.0 
0.37 
5.8 
6.2 
19.3 
26.l 
89 
91 
61 
64 
21 
21 
7.0 
4.7 
0.49 
0.84 
24.1 
2.55 
l G.9 
0.31 
6.0 
6.4 
19.3 
21.4 
90 
95 
67 
69 
17 
19 
7.8 
6.8 
0.83 
0.70 
22.7 
2.08 
16.4 
0.56 
6.6 
7.2 
18.4 
23.5 
94 
97 
63 
69 
22 
25 
8.0 
4.9 
0.59 
0.83 
21.0 
2.00 
17.7 
0.58 
7.0 
7.4 
17.4 
20.5 
95 
100 
66 
70 
19 
22 
10.4 
8.3 
0.49 
0.40 
1 For complete data on indi vidual locations see Appendix, Tables 28 and 29. 
Average organic matter contents increase in zonal soils from west 
to east across the state as has been noted by Alway and McDole (2) 
and by Russel and McRuer (33) on virgin samples. The increase 
from west to east has been explained as r esulting from higher vege-
table matter production eastward, due to higher annual rainfall 
and lower evaporation . The organic matter content of Holdrege 
surface soils currently studied is somewhat low in comparison with 
the other series due to severe erosion and the long followed practice 
of summer fallowing. The average measured organic matter per-
centage in the western Nebraska soil types studied is appreciably 
higher than that in slightly coarser-textured types of the same series, 
other series of coarser texture, and eroded soi ls of the area. 
It is interesting to compare the organic matter percentages with 
determinations which have been made previously on virgin samples 
from the same series across the state (Table 2). The apparent large 
organic matter losses with all of the series investigated affords explan-
ation of why nitrogen has become the chief limiting factor in crop 
production in Nebraska as far as soil fertility is concerned. That 
Joss of organic matter in soil has a distinct bearing on yields of crops 
has been demonstrated by Russel (32) in a study with two contiguous
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TABLE 2.-Organic matter contents of surface soi ls obtained in this study compared 
with organic matter contents of virgin soils of the same series reported by other 
investigators. 
Section of state 
Southeastern 
East-sou th-central 
, 1/est-sou th-central 
vVestern 
Soil series I Organic matter I Organic matter I . content of virgin content of samples Organic matter samples. %1 obtained in this loss, %2 
study, % 
Sharpsburg (formerly 5.20 3.95 24 
called Marshall) 
Crete and Hastings 4.55 2.69 41 
(much of which was 
formerly called Grundy 
and Holdrege) 
Holdrege 3.40 2. 12 38 
Keith, Sherman, 2.90 2.06 29 
Rosebud (formerly 
called Rosebud) 
1 Compiled from numerous organic matter determinations of top soils of the series presented 
by Alway and Mc.Dole (2), Russel and McRuer (33), Russel and Weldon (35), and in unpublished 
data. 
!! Based on the assumption that the soils of the experimental sites originally had organic 
matter contents equal to those of the virgin soils of similar types. 
fields in Lancaster County, both cultivated about 40 years. One of 
these fi elds through mismanagement had been reduced in organic 
matter content to 1.60 per cent (a loss of 69 per cent), while the other 
field, which was better managed, contained 3.66 per cent organic 
matter (29 per cent loss). These two fields were prepared similarly 
for wheat in the fall of 1927. Determinations to a depth of 3 fee t 
in the following April showed 10.6 pounds and 64.5 pounds of 
nitrate-nitrogen per acre, respectively, in the two fields. The respec-
tive grain yields were 7.5 and 26.6 bush els per acre. 
The relatively greater organic matter losses of soils of south-central 
Nebraska in comparison with Sharpsburg soils of eastern Nebraska 
can probably be attributed to the less favorable average moisture con-
ditions for and consequent limited use of grasses, legumes and other 
green manure crops in the rotation for organic matter maintenance. 
Perhaps the smaller losses in western Nebraska are due to the fact 
that the soils have not been cultivated as long as in the central and 
eastern parts of the state. 
Russel stated as early as 1929 (32) that "one of the most important 
phases of the organic matter problem in the dry-land region is a 
thorough study of the possibilities of nitrogen fertilizer. Such study 
should, of course, be conducted over a period of years to include both 
wet and dry seasons, particularly on lands already depleted to the 
point where nitrogen is limited and always with the point in mind 
of eliminating the hazards of overstimulation. In the meantime, it 
is highly important that all the reputed virtues of organic matter be 
submitted to rigorous tests. Should it transpire that the physical 
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values of organic matter have been overemphasized and tha t nitrogen 
can be maintained .. .. through the u se of fertilizers, the way is clear 
for continued development of dry-land agriculture along its present 
lines of power farming and exten sive grain production." The danger 
of overstimulation from nitrogen fertilizer use is no longer considered 
serious as long as proper fertilization methods are employed. Fur-
thermore, recent data suggest that organic matter and yields can be 
maintained through nitrogen fertilization and proper crop residue 
management (29, 40). With increasing availability of nitrogenous 
fertilizer materials and decreasing cost for the nitrogen it would 
appear that Russel's early suggestion may m aterialize in the relatively 
near future. 
Nitrification rate was relatively low for all of the soil series in 
south-central and western Nebraska. In western Nebraska soils, the 
average nitrification rate is not sufficiently high to explain the large 
yields of wheat normally obtained on summer fallowed land. However , 
the large amount of nitrate accumulated during the summer fallow 
p eriod contributes to supplying adequate amounts of nitrogen. This 
accumulation of available nitrogen in the soil through summer fal-
lowing is apparent from an observation of the "Initial nitrate'' col-
umn in T a ble 28, Appendix. 
Soluble phosphorus in the 0- to 8-inch samples was determined 
with the same reagents and procedures as used in the Soil Testing 
Laboratory. This was done to obtain further correlation b etween 
soil testing measurem ents and field results from phosphorus fertilizer 
application. Average determinations for each of the soil series indi-
cate a gradual increase in available phosphorus westward across the 
state. 
An increase in pH values of the zonal soils from east to west 
across the state was accompanied by an increase in base saturation. 
Cation exchange cap acity values decreased from east to west as did 
organic matter and clay conten ts of the soils, while percentage base 
saturation and exchangeable calcium satura tion increased. 
Exchangeable magnesium was uniformly high in all of the soil 
series studied. Magnesium saturation of the exchange complex aver-
aged about 20 p er cent for all series, and the exchangeable cal-
cium:magnesium ratio is about 3 to 1 in all sections. 
Exchangeable potassium was higher in the 0- to 8-inch depth 
than in the 10- to 20-inch depth almost without exception, and rela-
tively high with all series. T h e lowest percentage potassium satura-
tion was noted with the most acid Sharpsburg and Crete soils. If 
exchangeable potassium may b e considered largely available for 
plant growth, it is apparent that even the Sharpsburg and Crete soils 
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are high in available potassium, the average of these determinations 
indicating about 1900 pounds K2O per acre surface foot. It is not 
surprising that no consistently favorable results have been obtained 
from potassium fertilization of crops grown on zonal soils of Nebraska. 
Exchangeable sodium was quite low, averaging less than 1 per 
cent saturation in all series. 
These data show that the soil series studied, as they are differenti-
ated and mapped on the basis of characteristics which are apparent 
in the field, also are distinctly different in their chemical and physical 
properties measured in the laboratory. Furthermore, the data suggest 
that differences in response of crops to applications of commercial 
fertilizer should obtain on the different series. 
NITROGEN FERTILIZERS FOR WINTER WHEAT 
Numerous studies have been carried out in the past throughout the 
United States and in other countries relative to methods for supply-
ing the wheat crop with additional quantities of nitrogen. In gen-
eral, the crop has been responsive to fertilization with most kinds of 
nitrogenous materials where grown on soils of moderate to low fertility 
wherever moisture was not too serious a limiting factor for crop 
production. 
It is well known that certain practices of land preparation have 
an important bearing on yields of wheat due to their influence on 
nitrification in soils. Despite the fact that moisture has generally 
received the greatest attention in respect to wheat production through-
out most of the drier sections of the country, including Nebraska, 
many farmers and investigators have recognized that nitrogen often 
may be a greater limiting factor than moisture. Call (4) in eastern 
Kansas, for example, observed in 1914 that early plowing in that area 
was of value in obtaining high wheat yields because of an improved 
nitrogen relationship. H e concluded that the higher yields obtained 
from early ti llage could be attributed to the greater liberation of 
nitrogen rather than to additional moisture storage. Sewell and Call 
made a similar deduction in 1925, noting that the wheat land 
·studied which was plowed in July contained 20 p.p.m. more nitrate-
nitrogen and yielded 9 bushels per acre more wheat than land pre-
pared in September. 
Kiesselbach and Lyness (19) pointed out that higher yields of 
wheat following July 15 plowing as compared with September 15 
plowing at Lincoln were due in part to moisture conservation and 
in part to higher nitrate production in the early plowed soil. In 
these studies, October nitrate-nitrogen contents were approximately 
four times as much in the plots plowed July 15 as in the plots plowed 
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September 15, two and one half times as much in the following April, 
and twice as much immediately following harvest. They further 
found that greater increases in yield due to early plowing were 
obtained with a soil of moderate fertility than with a soil of rela-
tively high fertility, suggesting that more than a moisture conserva-
tion factor was involved. 
Farmers of western Nebraska have come to recognize that more 
than moisture storage is required in that area where summer fallow-
ing is extensively practiced. It is well known there that "stubble" 
wh eat will not yield as much as fallowed wheat even in years when 
moisture is plentiful. Thus, it appears that a lack of adequate nitro-
gen in the soil is one of the problems. 
Legumes in the rotation are highly effecti ve for maintaining an 
adequate supply of available nitrogen in the soil for the wheat crop 
in those climatic regions where moisture is not likely to b e deficient. 
As a general rule, only the eas tern counties and irri gated sections of 
Nebraska are supplied with enough moisture throughout the season 
to justify growth of biennial or p erennial legumes for this specific 
purpose using conventional methods of farming. It should be m en-
tioned, however, that excellent results have been obtained with bien-
nial legumes in south-central Nebraska wh ere used in a stubble-mulch 
system of farming. It is further believed b y some that certain annual 
legumes such as p artridge pea with a lower water requirement might 
be employed with the subtillage system and projected even farther 
westward in the state. Even so, for much of the wheat producing 
area of the sta te, other ways must b e devised for supplying the crop 
with nitrogen . 
Nitrogen Absorption by Winter Wheat 
In a study of the nitrate factor in wheat production at Lincoln, 
Jones (18) observed three different stages of nitrogen absorption. The 
first stage, b etween germination and the following mid-March, may 
account for 5 to 50 per cent of the total nitrogen taken up, depending 
upon the amount of fall growth as governed by fall temperature, 
moisture, time of planting and soil fertility. The second period, 
between resumption of growth in the spring and h eadin g, together 
with the first period, may account for as much as 80 per cent of 
the total nitrogen assimilated by the plants. This period also coin-
cides with that of greatest dry matter production, but the maximum 
weight of dry matter normally is not achieved until approximately 
two weeks after the maximum nitrogen accumulation in the crop. 
The third stage, between the time of h eading and h arvest, accounts 
for up to 20 p er cent of the total nitrogen utilized , depending upon 
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FIGURE 3.-Comparison of above-ground dry weigh ts a nd ni trogen con tents of winter 
wheat at d ifferent stages of growth. Mean of two experimen ts. La ncaster Coun ty , 
1948. 
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the factors of moisture, soil fertility and temperature. It is in this 
five to six weeks' period that one fourth to as much as three fourths 
of the nitrogen previously accumulated in the leaves and stems of the 
plants is translocated to the grain. Although the nitrogen content 
of the grain normally increases from formation to maturity, in cases 
where nitrogen assimilation is limited during the first two stages and 
the soil is low in available nitrogen during the last stage a decline 
in protein content is noted with maturity of the grain. 
Johnson et al. (17) determined the dry weight and nitrogen con-
tent of the above-ground portions of winter wheat in two experi-
m ents conducted in Lancaster County during 1948 to compare the 
effects of different nitrogen carriers. Mean results from the two 
exp eriments for the unfertilized wh eat, the wheat r eceiving 30 pounds 
nitrogen p er acre as ammonium nitrate a t planting time and 30 pounds 
nitrogen p er acre as ammonium nitrate in the spring are presented in 
Figure 3. The maximum rate of nitrogen assimilation b y the wheat 
on the unfertilized soil was during the p eriod from April 15 to May 
10 and most of the nitrogen was in the plant b y May 10. The period 
of m aximum rate of vegetative increase was somewhat later than the 
p eriod of maximum nitrogen accumulation with the m aximum dry 
weight being obtained about June 4. The decline in total weight 
and total nitrogen content after June 4 apparently resulted from 
falli ng leaves and bloom. 
The p eriod of most rapid vegetative growth in 1948 was earlier 
where supplemental nitrogen was applied either in the fall or spring 
than where no fertilizer was applied. The period of maximum nitro-
gen assimilation, however , was from April 26 to May 10 regardless 
of the time of nitrogen treatment. The rates of assimilation for the 
periods April 13 to April 26 and April 26 to M ay 10 were not greatly 
different where nitrogen fertilizer was not applied, and both were 
much slower than where nitrogen fertilizer was applied. A max i-
mum accumula tion of nitrogen in the plants and ultimately in the 
grain resulted from the spring application of ammonium nitra te. As 
noted in the June 26 sampling, 38 pounds of nitrogen per acre was 
in the grain from the check p lots, 51 pounds in the grain from the 
plots fertili zed in the fall, and 62 pounds in the grain from the plots 
receiving a spring applica tion of nitrogen ferti lizer. 
According to the data in Figure 3, a large part of the nitrogen 
required b y the wheat crop can be ut ilized during the second stage of 
growth, described b y Jones, between the resumption of growth in 
the spring and h eading. It is b elieved that this fact is of importance. 
It m eans tha t much of the supplementary nitrogen needed for the 
whea t crop can be supplied in the spring. Thus, in the case of highly 
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soluble nitrate salts the hazards of leaching, microbiological tie-up 
and denitrification are reduced as compared with a planting-time 
application. Also it permits an evaluation of stand and moisture 
conditions relatively la te in the crop season before estimating the 
feasibility of nitrogen fertilization. It should be pointed out, how-
ever, that a certain amount of available nitrogen must be present 
in the soil for the early establishment of the crop. 
Increase in Yield of Winter Wheat Due to Nitrogen Fertilizer 
The earliest known record of fertilizer studies with wheat in 
Nebraska is unpublish ed data of the N ebraska Agricultural Experi-
ment Station of 1916-1920. T h ese da ta were obtained in a three-year 
rotation of corn, oats and wheat at Lincoln by Kiesselbach and 
Alway. As an average for the five-year p eriod, an annual application 
of 2½ tons of manure p er acre increased the grain yield 1.6 bushels 
p er acre; the same amount of manure with lime caused an increase of 
3.1 bush els per acre; and a combination of dried blood, bone meal 
and potassium chloride supplying 34, 56 and 36 pounds of N, P 20 5 
and K20 , respectively, per acre increased the yield 2.3 bushels per acre. 
By comp arison with the above fertilizer r esults, the application of 2 
tons straw per acre increased the average acre yield 1.9 bushels. 
In 1921 Russel conducted fertilizer investigations a t six locations 
on Hall soils in H all County (31) . W ell rotted barnyard m anure 
applied at the rate of "five loads per acre" was the most effective fer-
tilizer used, the mean increase in yield being 5.2 bush els per acre. 
"Acid" phosphate was ineffective (0.9 bushel per acre increase) as was 
200 pounds of a ferti lizer (2.2 bushels per acre increase). The 
same treatments were employed at five locations in H all County 
during 1922 with even poorer results than those obtained in 1921 , 
probably because of dry weather. In 1923, experimen ts including 
similar treatments were conducted in Washington and Gage Counties, 
and an additional treatment of sodium nitrate was added. Mean. 
increases of 3.6 and 2.8 bushels per acre were noted in the three Wash-
ington County tests for applications of the and sodium nitrate 
fertilizer, respectively. Corresponding mean increases for the two 
Gage County tests were 2.6 and 4.7 bushels per acre. 
J ones (18) reported rather consistent yield increases from nitrogen 
fertilizer applications on the Agronomy Farm at L incoln during 
1924. Best r esults were obtained from early spring applications. 
Protein content of the grain produced was noted to increase as the 
soil nitrate supply increased . 
Russel et al. (30) reported that the response of winter wheat to 
applications of commercial fertilizers on Sharpsburg silty clay loam 
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differed appreciably from year to year. In the 16-year period of the 
experiment (192 1-1936) there was a total of five years showing no 
response of wheat to fertilizer, seven years showing a noticeable in-
crease in yield due to phosphate fertilizer alone, and four years show-
ing a r esponse of wheat to both nitrogen and phosphorus fertilizer. 
As an average for the 16-year period, there was no benefit from the 
use of a nitrogen fertilizer (Table 3). There was, however , a notice-
able benefit from the nitrogen fertilization in four of the 16 years. 
It seems likely that the slight response of wheat to applications of 
nitrogen fertilizer during the period 1921-36 compared with the 
present was due in part to the small rates of nitrogen employed, in 
part to the general reduction in organic matter and nitrogen level of 
, the soil since then, and in part to the more favorable climatic condi-
tions during recent years. The alfalfa included in the rotation also 
probably had a confounding effect on the nitrogen treatments. 
TABLE 3.-Influence of commercial fertilizer on yields of winter wheat on Sharpsburg 
sil ty clay loam.1 Lincoln, Nebraska. (Summarized from unpublished data of 
Lyness, Kiesselbach, Anderson , Russel, and Weldon.) 
:Mean yields in bushels per acre " .,; ----:-for different periods ~ ·.::i_g 
.... ~~ 
Fert. applied, 
... ·= ~-0~ 
..8 ~z~ lbs./ a, of 
"O~Sg N-P,O,-K,O I g ~ b 
'" 
a:, (N ~ ~ e;r N 
"' "' ".' 
· - "'O :.. J, 
"' 
,;, ~ ~ ~ ;;:; N N 
"' 
N ~ v-o ... 
~ ~ ~ ~ ~ ~~l] 
0 - 0- 0 37.3 24.5 35.9 20.0 29.4 28.0 
13 - 0- 0 39.9 26.9 38.l 16.8 30.4 32.0 
0 - 16-0 39.5 23.9 42.9 23.5 32.4 34.1 
0 -16-4 39.5 25.8 40.9 2,1.s 32.7 31.l 
3.3-16-4 40.5 24.3 40.9 23.5 32.2 32.8 
6.6-16-4 36.9 25.5 42.6 22.9 31.9 32.9 
13 - 16-4 41.l 24.4 43.7 22.4 32.6 35.2 
26 -16-4 39.4 24.l 43.2 20.3 31.7 36.9 
1 Results obtained in a 16-year rotation of alfa lfa four years with corn, oats and wheat 
rotated for a period of 12 years. 
2 Years of 1923, 1929, 1932 and 1936 that showed some response to ni trogen fer t ilizer as 
well as phosphorus fertilizer. 
Russel et al. (30) studied different types of nitrogen fertilizer for 
wheat in eastern Nebraska during 1928 and 1929. T hey noted con-
sistent and appreciable increases in yield of wheat from spring top-
dressings of 40 pounds of nitrogen per acre as sodium nitrate. They 
reported an average increase in 1928 on eight fields in eastern Ne-
braska of 8.2 bushels per acre from that treatmen t, and in 1929 on 
eleven fields the increase averaged 8.4 bush els per acre. None of 
the eight experiments conducted in central Nebraska during 1929 
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showed yield response from 40 pounds of nitrogen , the average increase 
for all of the locations being 0.5 bush el per acre. Signs of nitrogen 
defici ency were noted in the nontreated plots and early r esponse 
in vegetative growth from nitrogen fertilizer appeared promising, 
but summer drouth eliminated the advantage of the fert ilizer. 
TABLE 4.-R esponse of winter wheat in Nebraska to applications of n itrogen, phos-
phorus and potassium ferti lizer. 1946-1952. 
I I Yield without I Increases in yield, Year N um?er of fertilizer, bu./ acrc due to1 
expen men ts bu ./ acre j 
N p N+P I N + P+ K 
Southeastern Nebraska 
1946 3 28.9 4.6 1.1 9.3 9.0 
1947 4 25 .0 5.9 - 0.8 5.6 4.7 
1948 1 22.9 12.5 l.3 19.6 17.7 
1949 1 20.3 2.5 6.6 12.6 11.5 
1950 + 28.8 8.0 l.8 14.3 13.2 
195 1 5 7.7 l.4 2.3 6.0 5.3 
1952 3 25.7 3.3 1.0 7.0 8.3 
Mean 21 experiments 21.9 -1.8 I.I 9. 1 8.6 
East-south-central Nebraska 
1947 2 14.4 13.4 - 1.8 l l.5 7.2 
1948 7 28.8 10.7 - 0.1 11.5 13.7 
1949 8 14.2 6.4 0.5 7.4 7.4 
1950 4 22.3 10.l 0.4 13.1 12.3 
1951 5 11.0 3.5 0.4 6. 1 5.9 
1952 5 22.2 4.6 6.4 8.0 
Mean 31 experiments 19.3 7.5 0.2 8.9 9.3 
\~lest-south-centra l Nebraska 
1948 4 44.3 4.3 - 0.7 3.4 6.9 
1949 2 15.5 l .'l 0.8 1.9 0.3 
1950 2 32.5 6.5 1.2 5.0 7.3 
1951 2 22.6 4.6 3.2 4.5 
1952 4 24.8 -0.5 - 0.5 - 0.8 -0.5 
Mean 14 experi ments 29.9 2.9 0.1 2.2 3.6 
Western Nebraska 
1948 6 42.5 0.5 1.1 0.6 2.0 
1949 3 23.2 - l.4 2.6 0.1 2.0 
2 24.82 J 1.2 11.2 
1950 2 20.9 1.2 2.7 1.7 0.9 
2 3.52 2.8 2.8 
1951 2 30.2 8.0 8.3 5.3 
2 2.02 0.1 0.7 
1952 6 20.2 - 2.0 2.2 - 1.3 - 1.0 
2 7.82 0.5 1.6 
Mean 19 experiments" 28.8 0.3 1.9 0.9 1.3 
Mean of the 4 regions 25.0 3.9 0.8 5.3 5.7 
1 N itrogen applied as ammonium nitrate at the rate of 40 pounds per acre in the spring. 
Phosphorus was appl ied as superphosphate at the rate of 30 pou nds P20 5 per acre with the seed 
at planting. Potassium was applied as potassium chloride at the rate of 30 pounds K20 per 
acre w ith the seed at planting. 
2 Box Butte Experiment Farm . 
3 ExperimenLs from Box Bulle Experiment Farm omitted in means. 
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R esults reported by Fitts et al. and H anway et al. (13 , 14 ) 
throughout the sta te are comparable to those obtained by Russel et al. 
in eastern Nebraska . Table 4 summarizes the recent r esults for the 
various sections of the sta te, and emphasizes the greater state-wide 
need for nitrogen fertilizer supplements than for phosphorus and 
potassium fert ilizers. Increases in yields of wheat due to an applica-
tion of 40 pounds of nitrogen per acre alone averageq 4.8, 7.5 and 2.9 
bush els per acre in southeastern , eas t-south-central and wes t-south-
central Nebraska, respecti vely. The average increase in yield for 
western Nebraska where most of the plots were summer fallowed 
was only 0.3 bushel per acre . It is appa rent that the nitrogen fertil-
ity problem decreases in m agnitude from eas t to west in the state. 
R egarding the latter dry farming area of the state, m an y questions 
exist as to most e ffective so il management practices for wheat pro-
ductio n. R esearch proj ects currently underway a t the Box Butte 
Experimen t Fann a nd the North Platte Experiment Station in which 
methods of residue management and tillage, fertilizer treatments, a nd 
different planting dates are b ein g evaluated should even tu ally supply 
m any of the a nswers. 
Rate of Nitrogen Fertilizer 
Yield and protein content of the gra in are influenced by the rate 
of nitrogen fertilizer applied. In most experiments noticeably larger 
yields of wheat have been obtained from an appl ica tio n of 40 pounds 
of nitrogen than from an application of 20 pounds per acre (Tables 
5 and Furthermore, the protein content o f the grain has gen er-
ally been higher with the larger application of nitrogen (Table 6). 
An a ppli ca tion of 60 pounds of nitrogen per acre h as not generally 
TABLE 5.-Com pari son of two rates of fe rtili ze r , 20 and pounds nitrogen per acre, 
a pplied for winter whea t in eastern Nebraska during 1946 and 1947.1 
Locat ion 
Sou th eastern 
Sou th eastern 
East-sou th-central 
N umber 
of 
experim ents 
1946 
3 
19,17 
4 
2 
Mean 
9 
Yield with ln crease in y ie ld , bu ./acre, phosphate d ue to rate o f N appli ed2 fertili zer 
o nly, 
20 lbs. N/ acrc J 40 lbs. N/acrc bu ./acre 
30 .0 4.7 7.8 
24.2 4.6 6.4 
12.6 8.3 14.3 
23.6 5.5 8.6 
1 Ca lculated from data reported by Hanway et al. (13). All p lots received 30 pounds P 2Q5 
as superphosphate appli ed w ith the seed at p lanting. 
2 Ammonium nitrate appli ed as a top-dressing in the spring. 
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been superior to either 40- or 30-pound rates for increasing yields 
of grain (Tables 6 and 7). In contrast, increases in protein percent-
age of grain have been materially larger with the 60-pound rate of 
nitrogen than with lower rates. These results indicate that 30 or 40 
pounds of nitrogen per acre is the optimum rate for increasing yields 
of grain on the average zonal soils of Nebraska. However , if the 
farmer obtains a premium for increased protein content of grain, a 
larger rate of nitrogen may be warranted. The maximum practical 
rate of nitrogen for increasing protein is problematical. An interest-
ing observation was made inadvertently in this respect, however , in 
Nebraska dur ing 1950 with five experiments where approximately 
100 pounds nitrogen per acre caused 14.5 per cent protein wheat 
as compared with 11.8 per cent protein wheat for the 40-pound rate. 
Two of these experiments included a 60-pound nitrogen treatment 
which caused 12.1 per cent protein wheat as compared with 14.9 
per cent protein where the 100-pound rate was applied. 
Many farmers recently have taken advantage of the demand and 
premium paid for quality wheat, individually or through elevator 
TABLE 6.-Comparison of 20, 40. and 60 pounds nitrogen per acre applied as 
ammonium nitrate in tl1e soring for the oroduction of winter wheat. Experi-
ments throughout Nebraska during 1950-1952.1 
I 
Number of I Tncrease due to rate of nitrogen Year ex periments Check applied, pounds per acre!? 20 40 60 
Yield, bushels per acre 
1950 6 24.5 2.1 8.5 8.8 
1951 10 14.l 2.8 4.0 4.4 
19523 4 25.5 3 .. 5 7.3 8.8 
Mean for 3 years 21.4 2.8 6.6 7.3 
Protein content, per cent 
1950 6 l l.3 0.4 1.3 2.0 
1951 10 11. l 0.3 0.6 0.9 
1952 4 9.7 - 0.1 1.0 1.6 
Mean for 3 years 10.7 0.2 1.0 1.5 
R ecovery of applied nitrogen in grain, per cent• 
1950 6 18 37 29 
1951 10 16 12 9 
1952 4 12 24 20 
Mean for 3 years 15 24 19 
1 1950 was a good wheat year in which marked 1 esponse to nitrogenous fertilizer obtained ; 
the reverse was true in 195 1. In much of the state good wheat yields were obtamed in 1952, 
although locally drouth damage was severe. 
2 M.ost plots recei~1cd 30 to 45 pounds P 2Q5 as superphosphate appl ied wi th t.he seed at plant-
ing. Yie ld and protem figures are on 14 per cent mo isture basis. 
3 Data from several western Nebraska exp_eriments omitted due to confl icting results brought 
about by hot dry weather during the heading stage. In general for the western experiments 
cited progressively smaller yields accompanied m creased rate of nitrogen application . 
~ ased on t~e differences 111 nitrogen content of wheat without nitrogen fertilizer and that 
rece1v111g the designated amounts o f n itrogen. 
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TABLE 7.-lnAuence of time and rate of applying ammonium nitrate on yields of 
winter wheat in eastern Nebraska. 1948.1 
pounds nitrogen per acre due to 30 and 60 Time of applying 
nitrogen fertilizer 
Rate of ammonium nitrate, I Mean increase 
------------------ pounds N / acre 
Fall 
Winter 
Spring 
Mean increase 
Fall 
Winter 
Spring 
Mean increase 
0 30 60 treatments 
Yield, bushels per acre 
35.8 45.6 
35.8 45.5 
35.8 49.2 
11.0 
Protein content, per cent 
8.6 9.1 
8.6 9.1 
8.6 10.3 
0.9 
51.6 
47.4 
50.8 
14.1 
10.0 
9.5 
11.5 
1.7 
12.8 
10.6 
14.2 
1.0 
0.7 
2.3 
Recovery of applied nitrogen in the grain, p er cent 
Fall 
, vin ter 
Spring 
Mean 
37 36 
36 25 
69 48 
47 36 
36 
30 
58 
1 Values are means of results from two locations. Yield and protein figures on 14 per cent 
moisture basis . 
operators. Many others producing high protein grain in quantity 
should avail themselves of this possible additional income to make 
their farming operation more profitable. 
A limited number of experiments a nd many observations indicate 
that an applica tion of 30 or 40 pounds nitrogen m ay not be optimum 
for wheat production on soils that are highly deficient in nitrogen 
during years of adequate or more than adequate rainfall. The 
following data obtained from two experiments on eroded so ils in 
southeastern Nebraska during 1950 illustrate that something over 
40 pounds of nitrogen per acre may be needed under those condi-
tions: 
Lbs.N 
applied per acre 
0 
40 
80 
120 
160 
320 
Time of 
application 
Spring 
Spring 
Spring 
Spring 
½ spring, ½ heading 
Yie ld, 
bu. /acre 
8.7 
15.1 
18.3 
18.9 
14.8 
14.6 
Little lodging was evident with the high rates of nitrogen em-
ployed ; yield depression with the highest rates apparently resulted 
from accentuated weed competition (Figure 4). 
On fi elds that ar e only moderately low in nitrogen, lodging of the 
grain may r esult from a large application of nitrogen fertilizer (Fig-
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FIG URE 4.-Eighty pounds of nitrogen p e r acre applied to this eroded fi eld caused 
a marked yie ld increase. An application of 320 pounds nitrogen per acre, how-
ever, was less e ffect ive because of ex trerne compet ition from weeds. 
ure 5) . The phenomenon is the result of a low carbohydrate-nitrogen 
ratio usually due to excessive availa ble nitrogen which favors rank 
leaf and stalk growth. The rank growth , because of increased shading, 
causes the development of succulent a nd weak sta lks which cannot 
stand the bea ting action of rain and wind. If the plants are knocked 
down after heads have form ed they will not stand up again. This 
results in low yie lds because of undeveloped kern els and grain that 
cannot be recovered. The danger of lodging has been recognized 
by farm ers in the past on the ir most fertil e soils, especially after 
a l fa lfa or h eavy manure appli cat ion. The developm ent of stiffer-
strawed var iet ies o f wheat such as Pawn ee, Nebred and Cheyenne 
has allev iated this hazard, but the possibility of lodging st ill cannot 
be overlooked. Although rates of nitrogen up to 60 pounds per acre 
11ave produced little or no lodging in the experiments conducted 
t hroughout the state recentl y, it is probable that nitrogen app lied at 
rates as low as 40 pounds per acre to so ils a lready high in ava il a ble 
nitrogen could ca use th e gra in to lodge. Much more nitrogen tha n 
needed also may induce a weed problem. In other words, it is import-
ant to adjust the ra te of nitrogen applied to the nitrogen status of 
the soil. 
Where whea t is a compan ion crop for a clover or alfalfa seed ing, 
an application of more than 20 pounds of nitrogen per acre has 
frequently been responsible for reduced stands and limited growth 
of the legume. The stimulated vegetative growth of the wh eat in 
these cases has caused excessive shad in g of and excessive nutrient 
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FIGURE 5.-Lodging in center was caused by an application of approximately 100 
pounds N per acre to a soil of moderately high fertility . No lodging was appar-
ent on left or right where 40 pounds N per acre was applied. 
FIGURE 6.-In very wet years nitrogen fertilizer applied at relatively high rates to 
wheat may prove beneficial to a concurrent clover seeding. In normal years on 
most soils , moderate rates of nitrogen fertilizer will reduce the new legume stand . 
Otoe County, 1951. 
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and moisture competition with the legume seedlings. In some years 
of above normal moisture, however, as in eastern Nebraska during 
1951, the newly seeded clover or alfalfa may be stimulated markedly 
by rather high rates of nitrogen fertilizer (Figure 6) . 
T ime of Applying Nitrogen Fertilizer 
Fitts et al. (10) reported that a spring application of nitrogen 
fertilizer was generally more effective than a fall application for 
winter wheat on several soils of southeastern Nebraska during 1945. 
At two locations on Sharpsburg soils and two locations on soils devel-
oped from glacial material, the most profitable fertilizer practice 
was an application of phosphate at planting time followed by a nitro-
gen supplement in the spring. In these studies only 20 pounds of 
nitrogen per acre was applied, and according to the authors, "it 
seemed likely that the amount of nitrogen applied was insufficient 
to give maximum benefits." Similar results were obtained in 1946 
and 1947 (Table 8). 
TABLE 8.-Comparative effects of fall and spring application of 20 pounds of nitro-
gen as ammonium nitrate on the yield of winter wheat. Experiments in eas tern 
Nebraska. 1945- 1947.1 
Phosphate Increase in yield , bu ,/acrc, due to 
Year Number of fertilizer only, time of applying nitrogen fertili zer 
experiments bu .jacre Fall Spring 
1945 7 29.3 1.9 6.9 
1946 3 30.0 3.8 4.7 
1947 6 20.4 3.7 5.8 
Mean for three years 26.6 3.1 5.8 
1 All plots received 30 pounds as superphosphate with the seed at planting. 
Where 40 pounds of nitrogen per acre was applied in 1948-1952, 
there was little difference in effectiveness of fall, spring or split 
applications (Table 9). However, these methods of application were 
superior to the winter application in the one year where the latter 
method was studied. The reduced effectiveness of a winter applica-
tion can probably be attributed to removal of some of the fertilizer 
by runoff with melting snow or spring rain where the soil was frozen. 
It was apparent in several of the 1949 experiments that 20 or more 
pounds of nitrogen per acre as fertilizer placed with the seed may 
have a deleterious effect on the crop by reducing stands if drouthy 
conditions exist after planting. This hazard is not encountered 
where the fertilizer is placed other than in direct contact with the seed . 
Spring applications of nitrogen fertilizer should not be delayed 
beyond the middle of April in most years. Late May and June appli-
cations do not cause optimum yield increases and may result- in 
excessive weed competition (Figure 7). 
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TABLE 9.-Comparison of fall , winter, spring, and split applications of 40 pounds 
of nitrogen for winter wheat in Nebraska. 1948-1952.1 
I Yield with I In crease in yie ld , bu./ acre, du e to 
Location N umber of phosphate Lime of applying nitrogen fertili zer 
experiments fertilizer onl y, 
Winter2 bu ./acre Fall Spring Splita 
1948 
Southeastern 24 .2 11.7 10.5 18.3 14.8 
2' 35.7 12.9 10.7 13.7 
East-south-central 7 28.7 12.5 10.2 11.6 12.3 
"\,Vest-south-central 4 43 .6 4 .8 3.7 4.6 6.6 
"VVestern 6 4 1.5 1.4 0.9 1.5 2.3 
Mean 18 experi ments 36 .0 7.0 5.7 7.1 7.8 
1949 
Southeastern 26.9 4.5 6.0 7.4 
East-sou th-central 7 H.3 7.1 7.3 7.1 
, vestern 2 27.0 0.0 -0.2 -0. 1 
Mean 10 experiments 18.1 5.4 5.7 5.7 
1950 
Southeastern 2 30.4 11.5 15.7 13.7 
East-south-central 3 23.0 14.6 12.0 12.1 
,ves t-sou th-central 2 33 .7 6.6 3.8 9.0 
"VVestern 2 22. 1 1.0 0.5 0.9 
Mean 9 experiments 26.8 9.1 9. 1 9.3 
19'il 
Southeastern 3 9.0 5.3 1.7 4.7 
East-south-central 4 13.0 7.5 5.2 5.8 
, ves t-south-cen tral I 25.2 1.6 2.0 3.6 
\Vestern 3 25.3 2.0 5.3 6 .0 
Mean 11 ex periments 16.4 4.9 4.0 5.4 
1952 
Sou th eastern 3 25.7 7.3 6.7 7.3 
East-sou th -centra l I 27.0 11.0 I 1.0 12.0 
Mean 4 experiments 25.0 8.2 7.8 8.5 
Mean for five years 24.7 6.9 6.7 7.3 
1 All plots received 30 pounds P 20 e1 oer acre as superphosphate applied with the seed at 
p lanting. Ammonium nitrate was app lied at the rate of 40 pounds nitrogen per acre. 
2 Applied early in D ecember. 
3 10 pounds nitrogen applied in fall and 30 pounds nitrogen in spring. 
4 Average values from 30 and 60 pounds nitrogen per acre treatments. 
Although the results presented in Table 9 do not indicate a special 
advantage for a split application of nitrogen fertilizer, it seems 
probable that such a practice should be followed on soi ls of very 
low fertility where it is difficult to obtain stands and adequate fall 
growth. Furthermore, in those areas where both phosphorus and 
nitrogen are deficient, a low nitrogen-high phosphorus m ixed fertil-
izer supplemented by additiona l nitrogen in the spring can be used 
to advantage. 
Despite the fact that similar increases in yield of grain accrued 
from spring and fall applications of nitrogen ferti l izer during 1948-52, 
spring applications were superior to either fa ll or winter applications 
28 NEBRASKA RESEARCH B ULLETIN 172 
FIGURE 7.-Eighty pounds nitrogen per acre applied on April l (left) proved much 
more effective for increasing yield than the same amount applied on June l 
(right). Otoe County, 1951. 
for raising protein content (Table 10). Thus total nitrogen recovery 
was considerably greater with the spring treatment than with the fall 
or winter treatments (Table 11 ). 
Recent work measuring the persistence of the ammonium ion in 
soil and its deleterious effect on soil structure (11) raises further 
question as to the practice of broadcasting ammonium salts on the 
soil in the fall and winter months. The detriment is especially 
marked on clayey soils of low organic matter content when environ-
mental conditions prevent rapid nitrification of the ammonium ion. 
In addition to the fact that a spring application of nitrogen fer-
tilizer is usually more efficient than a fall application, the factor 
of moisture availability should be considered. Since moisture is 
often a limiting factor in crop production in much of Nebraska, it 
is to the farmer 's advantage to make the latest possible appraisal of 
the moisture situation prior to fertilizer application. Thus if fall, 
winter and early spring moisture storage has been appreciable, ferti-
lizing in April (at 3- to 6-inch growth stage) should be a good risk; if 
not, saving the fertilizer for another crop or another year is probably 
in order. Furthermore, leaching losses of the spring-applied fertilizer 
are not likely to be as severe as with a fall treatment in years of 
plentiful moisture. It should be noted, however, that observations 
made in Nebraska in recent years indicate that crops growing on 
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TABLE 10.-Relation of time of application of nitrogen fertilizer to the protein con-
tent of winter wheat in Nebraska. 1948-1952.1 
Location 
Increase in protein content, %, 
due to time of applying 
nitrogen fertilizer 
...... , .,, Protein content 
~ ·5 C with phosphate 
0 0. a fertili zer only, 
Z i! % I--F- a-ll---,--1 -W- in-t-er-, ----,---~--p-r-in-g---,---Sp- 1-it-3 
Sou th eastern l 
East-south-central 7 
West-south-central 4 
Western 6 
Mean 18 experiments 
Sou th eastern 1 
East-south-central 7 
Western 2 
Mean 10 experiments 
Southeastern 2 
East-south-central 3 
\,Vest-south-central 2 
Western 2 
Mean 9 experiments 
Sou th eastern 3 
East-south-central 4 
\,Vest-south-central l 
, ,vestern 3 
Mean 11 experiments 
Southeastern 3 
East-south-central l 
Mean 4 experiments 
Mean for five years 
l0.4 
11.2 
11.2 
11.7 
11.3 
10.2 
11.2 
10.6 
11.0 
10.8 
10.4 
10.3 
15.7 
11.6 
11.3 
11.2 
13.0 
10.8 
11.3 
10.3 
11.0 
10.5 
11.l 
1948 
1949 
1950 
1951 
1952 
0.0 
1.0 
1.7 
1.6 
1.3 
0.6 
-0.3 
1.5 
0.2 
0.0 
0.2 
1.3 
1.3 
0.8 
0.1 
-0.3 
0.9 
0.7 
0.2 
0.1 
0.9 
0.3 
0.6 
0.5 
1.0 
1.6 
1.9 
1.4 
1.5 
1.6 
2.9 
2.6 
2.3 
1.4 
- 0.2 
1.3 
0.3 
1.7 
1.2 
2.3 
0.8 
1.5 
0.1 
- 0.1 
0.4 
1.2 
0.4 
0.9 
1.0 
0.9 
1.1 
1.5 
0.6 
2.3 
2.4 
1.6 
1.4 
0.0 
0.8 
0.3 
0.1 
0.5 
1.7 
0.9 
0.8 
0.0 
-0.1 
0.2 
1.0 
0.3 
0.5 
0.6 
0.5 
0.7 
1 All plots received 30 pounds P:.!Os per acre as superphosphate applied with the seed at 
planting. Ammonium nitrate was applied at the rate of 40 pounds nitrogen per acre. 
2 Applied early in December. 
3 10 pounds nitrogen applied in fall and 30 pounds nitrogen in spring. 
soils of low nitrogen level are likely to suffer greater damage from 
moderately drouthy conditions than the same crops grown on soils 
of high nitrogen level. This is apparently a result of root stimulation 
by nitrogen and utilization of a deep-lying supply of soil moisture 
when present. There may be occasions when a spring application does 
not have an appreciable effect on yields due to top-dressing on a dry 
surface soil with no rain to carry the fertilizer into the soil until after 
the period of high nitrogen requirement by the wheat. 
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T TABLEI !.- Relation of time of application of nitrogen fertilizer to the percentage 
nitrogen recovery by winter wheat in Nebraska. 1948-1952.1 
Percentage of the 40 pounds nitrogen 
Location I N umber of I applied that was recovered in the grain 
experiments 
Fall Winter2 Spring Split 3 
1948 
Southeastern 32 33 67 56 
East-sou th-central 7 48 40 51 43 
W'est-sou th -central 4 35 31 50 50 
, vestern 6 22 24 34 35 
Mean 18 experiments 36 32 46 43 
1949 
Southeastern 1 17 28 32 
East-sou th-central 7 19 20 21 
Western 2 10 8 5 
Mean 10 experiments 17 18 19 
1950 
Southeastern 2 33 65 40 
East-sou th-central 3 41 50 37 
\Vest-sou th-central 2 31 33 43 
'Western 2 7 7 9 
Mean 9 experiments 29 40 33 
1951 
Sou th eastern 3 13 4 12 
East-south-central 4 17 13 14 
\Vest_-sou th-cen Lral 1 10 8 11 
\Ves tern 3 8 20 21 
Mean 11 experiments 13 12 15 
1952 
Sou th eastern 3 21 26 24 
East-sou th-central 1 41 42 41 
Mean 4 experiments 26 30 28 
Mean for five years 24 29 28 
1 AH plo ts received 30 pounds P20u per acre as superphosphate applied with the seed at 
planting Ammonium nitrate was applied at the rate of 40 pounds nitrogen per acre. 
2 Applied early in December. 
s IO pounds nitrogen applied in fall a nd 30 pounds nitrogen in spring. 
Effectiveness of Different Nitrogen Carriers for Wheat 
Hutchinson and Miller (16), growing wheat in sterile sand cul-
tures, observed that the plants absorbed nitrogen in ammonium 
form just as readily as in the nitrate form, and under some condi-
tions developed a higher p ercentage nitrogen content where ammon-
ium nitrogen was used. They further noted that other nitrogen com-
pounds as amides, simple amino acids and urea may be absorbed 
directly. 
Russel et al. (30) studied different nitrogen carriers as top-dress-
ings in eastern Nebraska during 1928 and 1929. In 1928, applications 
of 40 pounds nitrogen as ammonium sulfate and sodium n itrate 
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were included in eight experiments, and calurea was included in one 
of these experiments. Mean increases in yield were 8.2 and 2.0 bushels 
per acre for sodium nitra te and ammonium sulfate, r espectively. The 
range for sodium nitrate was from an increase of 15.9 bushels per acre 
to a decrease of 2.4 bushels per acre; the range of increase for ammon-
ium sulfate was from 5.1 to 0.7 bushels per acre. Calurea was slightly 
more effective than sodium nitrate in the one exp eriment where it 
was used. In 1929, sodium nitrate and calurea were equally effective 
and superior to ammonium sulfate as spring top-dressings for wheat. 
As a mean of nine experiments, sodium nitra te increased the yield 
of winter wheat by 8.1 bushels per acre and ammonium sulfate increas-
ed yields 6.0 bushels per acre. 
On the average, ammonium sulfate has been nearly as effective 
for top-dressing winter wheat in the spring as ammonium nitrate 
during the period 1948 to 1952 (Tables 12, 13, 14). However, in 
some exp eriments ammonium sulfate was distinctly inferior to ammon-
ium nitrate. The la tter result occurred when the surface 1 to 3 inches 
of soil was dry at and following application of the fertilizers. Presum-
ably, there was adequate moisture for the absorption of the ammonium 
nitrogen b y the soil a t the immediate surface but inadequate amounts 
to cause nitrification of the ammonium form to the nitrate form or 
to allow roots to develop. Apparently where moisture conditions are 
favorable for nitrification of the ammonium nitrogen, thereby per-
mitting downward movement of nitra te, or adequate for the growth 
of plant roots in the immediate surface of the soil , the two forms of 
nitrogen are equally effective. Maximum difference b e tween ammon-
ium sulfate and ammonium nitrate should occur during years when 
there is little spring moisture and the surface of the soil remains dry 
for long p eriods of time. Urea was equivalent or slightly superior to 
ammonium nitrate as a spring top-dressing for winter wheat in the 
four-year comparison. D ata from these and other exp eriments not 
reported here indicate that fall broadcasting of urea on the surface 
frequently results in nitrogen losses beyond those encountered with 
other carriers. Cyanamid was definitely inferior to the other three 
nitrogen carriers studied. 
Some work in Nebraska indicates that nitrogen solutions are 
comparable to dry ammonium nitrate and anhydrous ammonia for 
wheat as long as an equal number of pounds of nitrogen p er acre 
is applied (17). It seems r easonable that those solution products 
containing urea and/ or ammonium nitrate as the basic carrier(s) 
should function in a similar manner to their dry counterparts. Un-
published data from two years ' work indicate that concentrated solu-
tions of this typ e should be used as a soil applicant in the fall or 
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TABLE 12.-Comparison of ammon ium nitrate, ammonium sulfate, calcium cyanamid 
and urea applied at the rate of 40 pounds of nitrogen per acre as a top-dressing 
in the spring. Nebraska, 1948-1952. 
Location 
Sou th eastern I 
East-south-central 7 
West-south-central 4 
Western 6 
Mean 18 experiments 
Sou th eastern l 
l 
East-south-central 8 
West-south-central 2 
Western 3 
Mean 15 experiments 
Sou th eastern 4 
2 
East-south -central 3 
West-south -central 2 
Weste rn 1 
Mean 12 experiments 
Southeastern 1 
East-south-central 3 
West-south-central l 
Western 3 
Mean 8 experiments 
Southeastern 2 
East-south-central 3 
Mean 5 experiments 
Mean 58 experiments 
Mean 40 experiments 
Mean 19 experiments 
1 No phosphate applied . 
Increase in yield , bu ./ acre, 
du e to nitrogen fertili zer 
Yi eld without 
ni trogen 
fertili zer, 
bu ./ acre Ammo nium I Ammonium I Cyanamid 
nitrate sulfate 
22.9 
28.8 
44.3 
42.5 
36.5 
19481 
19491 
12.5 
10.7 
4.3 
0.5 
6.0 
20 .3 2.5 
30.8 0.l 
14.2 6.4 
15.5 I .4 
23.2 - 1.4 
17 .7 3.5 
19502 
30.9 12.8 
31.4 10.0 
23.2 13.8 
33.6 3.9 
24.6 - 0.8 
29.0 10.0 
19512 
5.5 3.8 
13.5 5.5 
25.2 1.8 
25.3 6.4 
l 8.4 5.2 
34.0 
22.3 
26.0 
19522 
6.5 
8.0 
7.4 
Mean for five years 
26 .6 6.2 
22.2 6.4 
24.4 5.6 
8.5 
7.3 
3.6 
l.7 
4.7 
2.2 
3.5 
5.0 
l.7 
0.5 
3.4 
11.9 
7.2 
10.l 
6.1 
- 0.8 
8.6 
3.7 
8.2 
3.8 
5.0 
5.9 
6.5 
6.3 
6.4 
5.5 
- l.5 
- l.2 
3.9 
LO 
2.4 
2.5 
7.6 
8. 1 
5.7 
2.6 
0.l 
5.7 
4.l 
3.2 
2.8 
4.4 
3.7 
5.0 
6.3 
5.8 
4. 1 
2 All plots received 30 pound s P205 per acre at planting time . 
I Urea 
3.0 
9.l 
4 .9 
- 0.9 
5.0 
12.4 
2.8 
6.0 
7.9 
7.0 
6.7 
6.8 
6.7 
early spring rather than as a foliar application on wheat late in the 
season for effecting maximum yield increases. I t has been noted that 
under some conditions the concentrated solutions are more difficult 
to apply than other materials. 
Seven experiments were conducted in eastern Nebraska from 1948 
to 1952 comparing ammonium nitrate and anhydrous ammonia for 
winter wheat (Table 15). It is evident from these data that anhydrous 
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TABLE J 3.-Comparison of the effects of ammonium nitrate, ammonium sulfate, 
calc ium cyanamid and urea applied at the rate of 40 pounds nitrogen per acre 
in the spring on the protein content of wheat. Nebraska, 1948-1952. 
Location 
South eas tern 
East-south -central 7 
W'es t-sou th-central 4 
W estern 6 
Mean 18 exper iments 
Sou th eas tern I 
I 
East-south -central 8 
vVest-sou th-central 2 
\,Ves tern 3 
Mean 15 experiments 
Sou th eas tern 4 
2 
East-south-cen tral 3 
West-south-central 2 
Western I 
Mean 12 experiments 
Sou th eastern 1 
East-south -central 3 
West-sou th-central I 
Western 3 
Mean 8 ex periments 
Southeastern 2 
East-sou th-central 3 
Mean 5 exper iments 
Mean 58 exper iments 
Mean 40 exp eriments 
Mean 19 experiments 
1 No phosphate applied. 
Protein con-
tent without 
nitrogen fer -
t i l izer , % 
10.7 
11.5 
11.3 
12.0 
1 l.6 
I 1.6 
10.8 
11.l 
12.1 
11.0 
11.2 
10.5 
10.7 
10.4 
10.3 
14.5 
10.8 
10.9 
11.3 
13.0 
10.8 
11.3 
10.2 
10.9 
10.6 
Increase in protein content, 
%, due to nitrogen fertili zer 
Am~onium I Ammonium I Cya namid I 
nitrate sul fa te 
19481 
1.6 0.0 
1.7 l.2 
2.6 0.6 
2.6 1.1 
2.2 1.0 
19491 
1.4 1.6 1.8 
0.0 0.6 0.4 
- 0.1 0.3 -0.4 
0.7 1.5 0.8 
2.0 2.9 0.7 
0.5 1.0 0.2 
19502 
1.5 1.5 0.5 
0.9 0.8 0.6 
1.1 1.0 0.1 
2.3 1.0 0.1 
1.9 1.4 0.1 
1.5 1.2 0.3 
19512 
-0.9 - 0.7 -0.7 
- 0.l 0.0 - 0.2 
0.4 1.6 0.1 
0.9 0.9 1.0 
0.2 0.4 0.2 
19522 
0.4 0.4 0.0 
0.8 1.0 0.4 
0.6 0.7 0.2 
Mea n for five years 
11.2 1.2 1.0 
11.0 0.8 0.2 
11.1 0.7 
2 All plots received 30 pounds P205 per acre at planting time. 
Urea 
0.8 
1.0 
0.8 
1.7 
- 0.7 
0.3 
1.3 
0.3 
0.3 
0.4 
0.5 
0.5 
0.6 
ammonia applied 4 to 5 inches deep prior to planting in the fall or 
in the early spring is fully as effective as ammonium nitrate applied 
111 the spring. 
Effect of Nitrogen Ferti lizer on Test Weight of Wheat 
Some investigators h ave related fertilizer practices to test weight 
of whea t. From observations made to date in Nebraska on this sub-
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TABLE 14.-Percentage of nitrogen recovered by wheat from ammonium nitrate, 
ammonium sulfate, calcium cyanamid and urea appl ied in the spring at the rate 
of 40 pounds nitrogen per acre. Nebraska, 1948- 1952. 
PerccnLage of the 40 pounds nitrogen 
No. of applied th at was recovered in the grain Location 
experiments 
I Ammonium Ammonium Calcium Urea nitrate suHatc cyanamid 
19481 
Southeastern 1 50 24 
East-sou th -cen tr3l 7 50 34 
, ,vest-south-central 4 46 18 
\ ,Ves tern 6 31 18 
Mean 18 experiments 43 25 
19491 
Southeastern 1 16 16 4 
1 0 15 0 16 
East-sou th-cen tra I 8 18 15 9 
West-south-central 2 7 12 7 
\,Vestern 3 7 20 12 
Mean 15 experiments 13 16 8 
19502 
Sou th eastern l 52 49 26 
2 38 28 29 36 
East-south-central 8 48 36 16 
\,Vest-sou th-central 2 33 27 8 21 
\ ,Vestern 1 9 6 1 7 
Mean 12 experiments 42 35 19 
19512 
Sou th eastern 1 7 7 8 10 
East-sou th-central 3 13 20 7 39 
,vest-south-central 1 7 l'I 7 22 
,vestern 3 21 18 17 16 
Mean 8 experiments 15 17 11 25 
Mean for five yea rs 
Mean 58 experiments 30 ~I 
Mean 40 experiments 2:l 13 
Mean 19 experiments 21 24 
1 No phosphate applied. 
2 All plots received 30 pounds P20u per acre at planting time. 
ject, it would appear that nitrogen fertilization h as a slight depress ing 
effect on test weight (see Table 21, p. 47) . 
Relation of Soil Properties to the Need for N itrogen by Wheat 
Consistent increases in yield of winter wheat due to the applica-
tion of nitrogen fertilizer have been obtained on Sharpsburg, Crete, 
Hastings and Holdrege soils . Less consistent increases were obtained 
on Keith, Rosebud and Sherman soils (Table 16) . It is believed that 
the results reflect the present nitrogen status of the most important 
soils growing wheat under average management practices. Where a 
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TABLE 15.-Comparison of ammon ium nitrate and anhydrous ammonia applied to 
winter whea t in eastern Nebraska. 
N itrogen T ime of I Mean increase I Mean increase I Mean recovery in yie ld , in protein of nitrogen 
carrierl application bu./ acre content, % applied, % 
19482 
Ammonium nitrate September 12.8 1.0 37 
Anh ydrous ammonia September 14.9 1.7 50 
Ammon ium nitrate April 13.7 2.3 54 
19493 
Ammon ium nitrate September 2.3 0.3 10 
Anhydrous ammonia September 3.0 0.6 15 
Ammoni um n itrate April 2 .0 0.0 7 
Anh ydrous ammon ia April -3.5 1.6 1 
1950' 
Ammon ium nitrate August 5.4 0.4 -21 
Anhydrous ammon ia August 7.7 0.9 36 
Ammonium nitra te September 4.3 0.0 11 
An h ydrous ammon ia September 8.8 0.6 32 
Ammon ium nitrate April 8.6 1.3 36 
19525 
Anhydrous ammonia September 11.0 -0.1 23 
Anh ydrous ammon ia Apri l 10.5 0.7 27 
Ammon ium nitrate April 13.5 0.7 34 
Mean for four years 
Anhydrous ammonia September 10.4 0.7 30 
Ammon iu m n itrate Apr il 10.5 Ll 33 
1 Al l plots received 45 lbs. P20r; with th e see<l at planti ng tim e . 
2 Mean of 30 and GO pounds nitrogen per acre. Two experiments o n Sharpsb urg silty clay 
loa m. Average yield of grai n wi thout nitrogen fertili zer was 35.8 bu. / acre w ith 8 .6 per cen t 
pro tein. 
3 Mea n of 20, 40, and 60 pounds nitrogen per acre . One experimen t on Sharpsburg si lty clay 
loam. Yie ld of gra in witho ut ni trogen ferti li zer was 30.8 bu ./ acre ,,·ith 10.8 per cent protein . 
" Mean of 20. 40 and 60 pounds nitrogen per acre. Two experiments on Sharpsburg silty clay 
loam . Mean yie ld of grain without nitrogen fertilizer was 31.4 bu./ acre w ith l 0 .4 per cent 
protein. 
6 Fifty pounds nitrogen per acre. Two experiments on Crete silty clay loam. Average yield 
of grain without nitrogen ferti lizer was 22 bu. / acrc with JO.] per cent protein. 
grea ter u se is made of legumes in the cropping system and/ or manure 
applications than normal, increases in yield of wheat due to nitrogen 
fert ilizer should be less . On the other hand, larger increases in 
yield of wheat due to nitrogen fertilizer may be expected on the associ-
ated sandy or eroded soils where the organic matter and nitrogen con-
ten ts of the soils are decidedl y lower than in the soils studied h ere. 
Differen ces in response of winter wheat to applications of nitrogen 
fertilizer are r ela ted to the management practices followed in the 
different areas (e.g., fallow prior to wheat on most of the Holdrege, 
Keith, Sherman and R osebud soils studied), length of time the land 
has been cultivated , and the availability of moisture during the grow-
ing season . N itrate-nitrogen as well as moisture accumulates under 
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TABLE 16.-Effect of 40 pounds of nitrogen applied as ammonium nitrate in the 
spring on the yield of winter wheat grown on the major zonal soils of Nebraska. 
1946-1951. 
Yield of I Increase in yield 
Year Number of check plots, due to 40 lbs. of 
experiments bu./ acre nitrogen, bu./ acre 
SHARPSBURG 
1946 3 28.9 4.6 
1947 3 22.7 6.4 
1948 1 19.5 13.8 
1949 1 20.3 6.0 
1950 5 32.2 10.2 
1951 I 14.8 6.1 
Mean 26.0 8.2 
CRETE 
1947 3 17.3 12.5 
1948 3 33.2 6.7 
1949 5 14.1 6.6 
1950 2 17.5 11.6 
1951 2 15.3 3.6 
Mean 19.2 8.1 
HASTINGS 
1947 1 20.5 9.9 
1948 4 25.6 13.8 
1949 4 15.0 6.6 
1950 1 35.7 14.1 
1951 2 10.5 4.3 
l'vf ean 20.0 9.5 
HOLDREGE 
1947 I 23.3 11.5 
1948 4 38.8 7.7 
1950 3 31.8 5.5 
1951 6 17.5 3.7 
Mean 27.1 5.8 
KEITH, ROSEB UD AND SHERMAN 
1947 2 22.6 6.4 
1948 7 43.6 2.4 
1949 4 17.1 3.5 
1950 3 12.3 2.9 
1951 2 30.2 7.5 
Mean 28.7 3.7 
fallow so that an appreciable quantity of available nitrogen may b e 
present in fallowed soils a t the time wheat is planted. In general, 
the Keith , Sherman and Rosebud soils of western Nebraska have not 
been cultivated as long as the soils in the other parts of the state. 
Furthermore, the moisture supply is often more limiting in western 
Nebraska than in other areas even though fallowing prior to wheat 
is practiced. For these reasons, nitrogen response has been less in 
the western soils than in those of eas tern Nebraska. It should be 
recognized, h owever , that b ecause of the use of fallow in western 
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Nebraska along with the initially lower organic matter and nitrogen 
contents of the soils it is especially important that the problem of 
nitrogen maintenance in those soils be considered .. 
Soil series designation alone is not adequate for specifying the 
probable need for nitrogen by crops in making maximum yields, 
largely because differences exist in the past management history 
and degree of accelerated erosion with different tracts. A reliable 
soil test which would evaluate the soil's nitrogen status is needed. 
Any test which determines the momentary ammonium- or nitrate-
nitrogen content of the soil is probably valueless in view of the rapid 
fluctuations of these materials in soils with changes in environment. 
In this study, the amount of nitrate-nitrogen in the soil just prior 
to planting was compared with check yields of wheat and with yield 
increases from nitrogen fertilization. No correlation was apparent. 
Some studies indicate that the nitrification rate of the soil may 
be used to determine the need of a given crop for additional nitrogen 
when grown on similar soils where the climatic factor is nearly con-
stant. Hanway (12) obtained a significant positive correlation between 
nitrification rate of the soil and corn yields in the rotation experiment 
at Lincoln. Black et al. (3) in Iowa found that a direct relation-
ship existed between "mineralizable soil nitrogen" and wheat yields. 
In the current study, yields of wheat on rotation plots of the Agron-
omy Farm at Lincoln were compared with nitrification rate of the 
soil in those plots. The results plotted in Figure 8 suggest a close 
relationship between the nitrification rate and wheat yields for the 
crop years 1950 and 1951 , the correlation coefficients being + .708 
and +.701, respectively. The two curves are decidedly different, 
which is to be expected in view of the extreme climatic differences 
between the two years. Moisture and temperature conditions were 
near optimum for wheat growth in 1950, which resulted in excellen t 
yields. In 1951 , however , excessive moisture with incident plant 
diseases restricted yields. 
The above observations indicate nitrification rate is a valid 
measure of soils' capacity to deliver nitrogen to a crop in a given 
locale of slight climatic and soil variation. At this point the question 
naturally arises as to the regional or state-wide application of the 
test. Can the test be meaningful when applied over the entire state 
of Nebraska with the wide range of soil conditions that exist, and 
especially in view of the extreme range of 16 to 34 inches annual 
rainfall? In Figure 9, nitrification rate is plotted against check 
yields of continuously cropped outstate locations for the five years 
1948-1952. Apparently the test is valid for specifying the nitrogen 
status of the soil in terms of crop needs over a wide range of soil 
and climatic conditions. 
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FIGU RE 8 .- R e la t io n between nitrifi ca tion rate of soi l and yield of wheat on Agron-
om y Farm rotat ion plots. Lincoln, 1950-5 1. 
Nitrification rate is related to yield increase due to nitrogen 
fertilizer in Figure JO. The increase plotted represents increase as 
percentage of the m aximum yield in order to iron out some of the 
variation due to clima te. The highly significant correlat ion noted 
(Table 17) is further evidence of the va lue of nitrification rate for 
sp ecifying the nitrogen status of a soil. The data suggest that sub-
stantial yield increases are likely from nitrogen fertilization when 
the soil's nitrifi cation rate is below 20 p.p.m. per four weeks. 
In the case of wheat after fallow, nitrifica tion rate appears to be 
of little value for predicting nitrogen supplement needs. The com-
pounded effects of frequ ent high yields without fertiliza tion in the 
summer fallow region , extremely vari able yields due to spotty rainfall 
in the serniar.id clima te, and the two-year nitrate supply accumula ted 
with the summer fallow practice apparently invalidate the test. 
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TABLE 17.-Comparison of nitrification rate and organic ma tter percentage for 
estimating the nitrogen status of Nebraska soils for the production of winter 
wheat. Data from the four years 1948, 1949, 1951 and 1952.1 
Correlation coefficient (r) 
Correlation Nitrification 
rate 
Wheat a fter small grain (38 comparisons) 
Yield , bushels per acre 
Yield, percentage of maximum yield 
Increase in yield due to N fertilizer, bu./ A 
Increase in yield due to N fertilizer, 
percentage of maximum yield 
.471""' 
.498 .. 
-.457"" 
- .864*" 
vVheat after fallow (27 comparisons) 
Yield, bushels per acre 
Yield, percentage of maximum yield 
Increase in yield due to N ferti l izer, 
Increase in yield due to N fertilizer, 
percentage of maximum yield 
bu ./A 
• • Sign ificant at the 1 % level, highly significant. 
• Significant at the 5 % level, significant. 
-.152 
.106 
-.201 
- .208 
I Organic matter, percentage 
.349" 
.112 
-.152 
-.292 
-.003 
.161 
-.085 
.009 
1 Few organic matter measurements were made in 1950, thus comparisons are impossible for 
that year. 
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The relationship between nitrification rate and yield response 
to nitrogen fertilization is undoubtedly curvilinear, and there is an 
indication of this in the data presented. It is anticipated, however, 
that a linear or near linear relationship will generally be found to 
exist within the range of nitrification rates where profitable yield 
increases are obtained from nitrogen fertilization. 
In view of these observations, it is believed that nitrification 
rate might well be considered for a testing procedure of the Soil 
Testing Laboratory for continuously cropped soils. The procedure 
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FIGURE 11 .-The relation between organic matter content of so il and check yield of 
wheat in Nebraska experiments, 1948-1952. 
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need not be so time-consuming as that employed in this investigation. 
Landrau (20) has demonstrated that nitrification rates determined 
over a two-week period are completely in accord with those over a 
month or two-month period. 
Other investigators have suggested that the soil's organic matter 
content may be used as a criterion for predicting yields of crops 
grown on the soil and for predicting the need for supplemental nitro-
gen. This contention is borne out by correlations determined between 
wheat yields on rotation plots of the Agronomy Farm in 1950 and 
organic matter content and nitrification rate of the soil. Correlation 
coefficients were highly significant in both comparisons and were of 
approximately equal magnitude. This observation, however, applies 
to one small area of uniform soil and climatic conditions. When
the comparison between organic matter content and nitrification rate 
is expanded to cover all soils studied throughout the state, the latter 
is a much more valid measurement for specifying nitrogen status of 
soil (Table 17 and Figure 11 ). 
PHOSPHORUS FERTILIZERS FOR WINTER WHEAT 
In much of the United States and the world, phosphorus is the 
key element to the problem of soil fertility. This is especially true 
of the more humid regions where soils are strongly ac id in reaction. 
The soils of semiarid to subhumid regions, however, are generally 
higher in available phosphorus than those of the humid regions. The 
latter applies to much of Nebraska, and it is not likely that phos-
phorus fertili zers will be needed on many soils of the state for some 
time. 
Absorption of Phosphorus by Winter Wheat
Phosphorus is absorbed by plants largely as orthophosphate com-
pounds, more readily as the monophosphate ion some-
what less readily as the diphosphate ion and least readily 
as the trivalent ion (24). Thus in the production of super-
phosphate much of the phosphorus is converted to the readily avail-
able monophosphate ion. Metaphosphate and pyrophosphate com-
pounds in fertilizer apparently are absorbed directly but are con-
verted to orthophosphates before utilization by plants. Organic 
forms of phosphorus in soil are converted to orthophosphates prior 
to absorption and utilization. Several investigations have shown that 
from one third to one half of the total phosphorus in the surface 
horizon of zonal soils is contained in the soil organic matter. Fur-
thermore, the organic phosphorus compounds are r eadilv mineral-
ized, releasing available phosphorus to growing crops. Thus, those 
soils that are high in organic matter in a given area are not likely 
to be as deficient in phosphorus as similar soils low in organic matter. 
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Yield Increases of Winter Wheat Due to Application of a 
Phosphorus Fertilizer 
43 
Russel reported results with the u se of phosphate fertilizer 
for winter wheat in central Nebraska on Hall so ils during 1921 and 
1922. As an average of the 11 experiments conducted in those two 
years, "acid phosphate" at the rate of 100 pounds p er acre h ad little 
or no effect on yield when applied singly. There was an apparent 
depressing effect from the phosphate when it was applied in con-
junction with manure, for the plots receiving both m anure and phos-
phate were lower in yield than those treated with manure alone. 
Almost identical results were obtained in 1923 on three farms in 
Washington County as in central Nebraska in 1921 and 1922, i.e., no 
response from "acid phosphate" alone and a depressing effect of the 
phosphate wh ere it was included with a m anurial treatment. With 
three experiments of the same typ e in Gage County, however, the 
phosphorus treatment alone provided an average yield increase of 2.4 
bushels per acre and where included with manure caused yields aver-
aging 3.3 bushels higher than the individual manure applications. 
In 1933, Russel et al. summarized phosphorus fertilizer r esults 
with wheat in a rotation experiment on Sharpsburg soil a t the Agron-
omy Farm for the period 1921-1932 (Table 18). A biennial fertilizer 
application of 32 pounds P20 5 p er acre3 in the rotation was noted 
to h ave increased yields of wheat an average of about 3 bushels per 
acre for the 12-year period, with a range from plus 11.2 to minus 3.8 
bush els per acre. An appl ication of twice this amount of phosphorus 
every four years, or the same average annual r a te, was less effective. 
During the interval of this study there were four years of no response 
to fertilizer, five years of good response to phosphorus fer tilizer, and 
three years of greatest response to a fertili zer containing nitrogen and 
phosphorus. As an average of the "phosphorus years," increments of 
nitrogen above a basic treatment of 100 pounds 0-16-4 ferti lizer per 
acre h ad little effect on yields, and su ccessive 100-pound increments of 
3.3-16-4 fertilizer up to 48 pounds of per acre caused yield increas-
es of 4.9, 8.0, and 9.3 bush els per acre, r espectively. In the three 
"nitrogen-phosphorus years," successive increments of 3.3-16-4 up to a 
10-48-12 application resulted in yield increases of 3.7, 6.4 and 9.0 
bush els per acre, resp ectively. In these three years 13 pounds of 
nitrogen per acre alone increased the yield 5.6 bushels per acre (Table 
18). 
In this and la ter expressions of amounts of phosphorus fer tili zer applied, 
pounds of means pounds of ava ilable phosphorus expressed as 
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TABLE 18.- Increase in yields of wheat from commercial fertilizer on Sharpsburg 
silty clay loam at Lincoln during the 12-year period 1921-1932 (summarized from 
unpublished data of Kiesselbach, Russel, Anderson and Lyness). Fertilizers ap-
plied at planting time.' 
Treatment Four Three I Five Mean 
N-P205-K,O, "No response ''N itrogen-p~?sphorus " Phosphorus of twelve 
Jbs./acre years" years years" years 
Yield of check plots (bu ./acre) 
0- 0- 0 28.3 27.2 36.5 31.4 
Increase due to fertilizer (bu ./acre) 
3.3-16- 4 -1.2 3.7 4.9 2.6 
6.6-32- 8 -1.0 6.4 8.0 4.6 
10-48-12 -1.5 9.0 9.3 5.6 
13- 0- 0 1.9 5.6 0.9 2.4 
13- 0-16 -0.l 2.7 0.4 0.8 
0- 0-16 0.3 -1.7 -0.6 -0.6 
0-16- 0 5.0 
o-32- o• -0.7 2.1 6.1 2.8 
0-64- 0' -0.2 1.7 3.6 1.9 
1 The data for the 12 years were summarized under the three headings "No response years," 
"Nitrogen.phosphorus years," and "' Phosphorus years." 
2 Data not complete for full 12 years. 
3 Applied biennially. 
• Applied quadrennially. 
Three groups of investigators studied the influence of phosphate 
fertilizer at the rate of approximately 20 pounds P 20 5 per acre on the 
yield of winter wheat in southeastern Nebraska during 1938 to 1942 
(9, 27, 4 3). Most of the experiments were conducted on soils of the 
Sharpsburg, Carrington and Pawnee series. The response of wheat 
to the phosphate fertilizer ranged from an increase in yield of 19.9 
bushels to a decrease in yield of 7.5 bushels per acre. In 45 per cent 
of the 166 experiments the increases in yield due to phosphate fertil-
izer were 4 bushels or more per acre (Table 19). During the period 
1938 to 1942 it was considered that an increase in yield of 4 bushels 
per acre was necessary for a profitable return from the use of the 
fertilizer. 
TABLE 19.-Response of winter wheat to phosphate fertilizer in southeastern Ne-
braska during 1938 to 1942. Summary of 166 experiments. 
Lbs . I P2051 
applied 
0 
20 
1938 
20 
expts. 
1939 
20 
expts. 
1940 
90 
expts. 
1941 
7 
cxpts. 
1942 
29 
expts . 
Mean yield without fertilizer, bushels per acre 
I 7.5 16.0 24.4 11.2 29.4 
Mean increase due to phosphate fertilizer , bushels per acre 
3.5 4.7 2.8 8.9 5.7 
Mean of 
166 
expts. 
22.9 
3.9 
Experiments having increases in yield of 4 or more bushels per acre,% 
20 50 45 35 100 59 45 
1 Applications ranged from 18 to 23 pounds P20n per acre as superphosphate (43 % P 205). 
Neither nitrogen nor potassium fertilizers were included in these experiments. 
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It seems likely that a larger proportion of the experiments con-
ducted in 1938 to 1942 would have shown increases in yield equal 
to or greater than 4 bushels per acre if the soils had been adequately 
supplied with nitrogen. For example, it has been noted since 1942 
in southeastern Nebraska that phosphorus supplements without addi-
tional nitrogen are not likely to increase yields appreciably where the 
nitrogen level of the soil is low. The reverse is also true on soils very 
low in phosphorus. In some cases where both nitrogen and phos-
phorus were deficient and only phosphorus fertilizer was applied, 
vegetative growth was stimulated but smaller and shorter heads of 
grain were produced than where no treatment was applied (Figure 
12). In fact, there is accumulating evidence to indicate that phos-
phorus fertilizer applied alone to soils more deficient in nitrogen 
than in phosphorus may cause a decrease in yield, perhaps as a result 
of accentuated nitrogen deficiency. 
In seven experiments conducted in southeastern Nebraska during 
1945, Fitts et al. noted rather consistent increases in yield of 
winter wheat from phosphorus fertilizer, especially where nitrogen 
fertilizer was applied in the spring (Table 20). A mean increase of 
2.9 bushels per acre was obtained where phosphate fertilizer alone 
was applied. Where 20 pounds of nitrogen was top-dressed in the 
spring, however, the increase in yield that could be attributed to the 
phosphate was 4.1 bushels per acre. 
TABLE 20.-Summary of phosphorus fertilizer results on winter wheat in seven ex-
periments conducted in southeastern Nebraska during 1945. 
Nitrogen 
0 
0 
20 
20 
Treatment,1 
lbs. per acre of 
P20• 
0 
30 
30 
0 
Mean of 
7 experiments 
Average yield of check plots (bu./acre) 
26.4 
Increase due to fertilizer (bu. /acre) 
2.9 
9.8 
5.7 
1 Phosphate placed with seed, nitrogen fertilizer broadcast in spring. 
It is evident that the phosphate supplemented with nitrogen fertil-
izer in 1945 was more effective than phosphate used alone. The 
tests conducted in 1946 also indicated a need for supplemental nitro-
gen in obtaining optimum phosphorus response, as did those tests 
where phosphate had a beneficial effect on yield in 1948-1950 (Table 
21 ). In I 947, however, nitrogen alone was more effective than nitro-
gen plus phosphorus fertilizer in raising yields on the Sharpsburg 
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NITROQEN NITROGEN- PHOSPHORUS 
FIGURE 12.-Influence of fertilizer treatment on the size of wheat heads produced 
where the crop was grown on soil deficient in both nitrogen and phosphorus. 
Cass County experiment, 1949. A greater number of heads was produced in the 
phosphated and the nitrogen-treated p lots than in the check plots. The heads, 
however, were smaller in size, especially on the phosphated plots. Only the plots 
receiving both nitrogen and phosphorus produced wheat heads to compare in 
size with those of the check plots. 
TABLE 2 1.- The influ ence of nitrogen on phosphate fertilizer utili za tion by wheat in those ex periments in Nebraska where phos-
ph a te had a beneficial effect on yie ld. 1946-1952. 
Trea lmcnl, 
lbs. per acre 
N P20., 
0 0 
0 30 
,10 30 
'10 0 
1946, 3 
experime nt s 
1948, 3 
expcrim entsl 1949. 4 I expcrim ct~t s:_ 1950, 6 experim ents3 
Mean yie ld without fenilizer, bushels per acre 
28.9 27.5 16.0 28.3 
195 1, 7 
experim ents" 
7.8 
Mean in creases in yie ld du e to fert ili zer , bushels per acre 
1 .1 1 .6 2.3 1 .6 1.9 
9.2 16.5 7.4 15.5 6.8 
4.6 10.6 2.3 8.2 l.7 
1952, 6 
ex periments5 
22.8 
5 .7 
9.0 
0.2 
Mean increase due to phosphate where appl ied with nitrogen ferti lizer , bushels per acre 
4.6 5.9 5.1 7.3 5.1 8.8 
1 Fi elds I , 28 and 29 in Dodge, Adams and K ea rn ey Counties. 
2 Fi e lds ,I , 13, 94 and 68 in Cass, Fillmore, J efferson and Howard Counti es . 
" Fields 4 , 5, 6, 33, 69 , and 71 in Dodge, Nemaha , Richard son, Platte, Colfax and John son Counties. 
4 Fields n , 74 , 23, 8, 75, 70, 73 in P aw nee, Gage, Saline , Dou glas, Nemaha , Colfax, Johnson Counties . 
5 Fi elds 47b, 70a, 77a , 73b, Sb in H arlan, Box Butte, Colfax (2), Pawnee a nd Dodge Co unties. 
Mea n 29 
ex perim ents 
20 .5 
2 .6 
10.4 
4.0 
6.4 
n 
0 ,.. 
i 
"' 
" ('l > t" 
~ 
~ 
t" ;:; 
Cl 
c; 
.,, 
0 
" ~ 
z 
..., 
"' 
" ~ 
:i: 
"' > 
..., 
.... 
..., 
48 NEBRASKA RESEARCH BULLETIN 172 
soils investigated. It was reasoned that a very late spring freeze 
may have affected the phosphated plots adversely. The extent of 
damage due to the freeze was noted to be correlated with stage of 
maturity of the wheat, the most advanced grain being damaged most 
severely. Phosphate application had h astened maturity in most cases. 
Varietal effect on damage from the freeze appeared to bear out this 
reasoning in that the relatively early Pawnee variety suffered severely 
and the later maturing varieties, N ebred and Turkey, showed little 
or no damage. Had the freeze been a day or two later, it is quite 
possible that opposite results would have been obtained with respect 
to varieties and to phosphorus fertilization. 
Weldon al. 43) noted yield decreases from phosphate in 
several of the 1938 to 1942 tests, and attributed these to overstimula-
tion. No doubt overstimulation was one cause, but it is now postu-
lated that accentuated nitrogen deficiency from phosphate alone 
applied to soil not deficient in available phosphorus might well have 
been a contributing or even more important factor in ma ny cases. 
Rather consistent yield reduct ions h ave been obtained from phos-
phorus fertilization of corn in Nebraska on soils not defi cient in 
phosphorus but definitely lacking nitrogen. It has been observed in 
several wheat experiments in the p ast few years tha t yield reductions 
resulted from phosphorus fertilizers applied alone despite the fact 
that the phosphated plots showed no signs of excessive vegeta tive 
growth. In many cases they did no t appear so thrifty as the check 
plots. Although the reduction in yield due to phosphorus treatment 
alone generally has not analyzed sta tistically significant, the trend has 
been too consistent to be overlooked . 
In view of the above findings, it seems clear that phosphorus 
fertilization of wheat should be practiced only when the nitrogen 
requirement is taken care of as well. The la tter can b e done b y 
p revious cropping to forage legumes, manure applica tion, or applica-
tion of commercial nitrogen fertilizer. Furthermore, there appears 
to be no advantage in applying phosphorus fertilizer to soil, even in 
combination with nitrogen, if that soil is not deficient in phosphorus. 
The results actually may be detrimental. 
Time and Rate of Applying Phosphorus Fertilizer 
It is a well r ecognized fact that adequa te available phosphorus 
must be present in the soil from germina tion to m aturity of crop 
plants if optimum yields are to result. The supply of available phos-
phorus must be plentiful during the first stages of growth if the 
plants are to become firml y established in the soil with effective root 
systems and if adequate fall and spring stooling of the plants is to 
take place (see Figure 13). Duley (8), in studying methods of fertil-
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FIGURE 13.-Field appearance of nontreated plot and plot rece1vmg both nitrogen 
and phosphorus fertilizer (40 pounds N in spring and 30 pounds per acre 
at planting time) at progressive stages of growth. Cass County experiment, 1949. 
Pictures taken on May 3 and 21, and June 20. In this experiment the follow-
ing yield increases per acre were obtained: nitrogen alone, 2.5 bushels; phos-
phorus alone, 6.5 bushels; combination of nitrogen and phosphorus, 12.6 bushels. 
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izer application for wheat, stressed the desirability of phosphorus 
application with the seed a t the time of planting. The necess ity for 
this practice rather than broadcasting just before or after drilling has 
been recognized by the Nebraska Agricultural Experiment Station for 
many years. Average r esults from three experiments on phosphorus-
deficient soi ls in southeastern Nebraska during 1952 bear out this 
principle in phosphate fertilizer use (also see Figure 14). 
FIGURE 14.-Growth of wheat as influenced by method of phospha te a ppli ca tion. Left , 
30 pounds clrillecl with seed; right, 30 pounds broadcast before drilling. 
Yields were 33 and 18 bushels per acre respectively. 1952 exper iment on calcar-
eo us sa nel y so il in Colfax County, Nebraska. 
Treatment' 
No 
30 lbs. P2O5 broadcast befo re fin a l discing 
30 lbs. P,0 5 broadcast before drilling 
30 lbs. P20 5 placed wi th seed 
30 lbs. P20 ., broadcast after drilling 
1 Included uniform treatment of 4-0 po und s nitrogen per acre to all plots. 
}"ield 
lm ./ acre 
18.1 
24. 1 
20.2 
25.8 
20 .2 
Recent studies for eva lua ting phosphorus needs in Nebraska so ils 
h ave included the phosphate treatm ents drilled with the seed a t the 
time of planting by means of a combination grain and fertilizer drill. 
Also, a gra nulated phosphorus carrier h as u suall y been employed. 
Thus, fertilizat ion is thought to have been the most effi cient possi ble. 
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In fertilizer studies with winter wheat at the Agronomy Farm, 
Lincoln, during the period 1921-1933 (30), it was found that 16 pounds 
of available phosphorus p er acre was inadequate and 48 pounds appar-
ently was more than needed. The third rate employed, 32 pounds per 
acre, appeared to be near optimum. Twice the latter amount applied 
half as often was less effective and 16 pounds P 20 5 per acre per year 
was more effective than 32 pounds per acre applied biennially (Table 
18). 
Experiments on six phosphorus-defici ent soils in southeastern Ne-
braska in 1950 and 1952 using a superphosphate carrier showed the 
following averages for different rates of phosphate: 
Rat.e 
20 lbs. available phosphorus (P ,0 5)/acre 
30 lbs. available phosphorus (P,0 5) / acre 
50 lbs. available phosphorus (P 20 5)/acre 
Yield increase 
bu. / acre 
9.1 
11.1 
11.7 
Four of the sites were on soils of extrem ely low available phosphorus 
content by N ebraska standards. From these and other unpublished data, 
therefore, it has been concluded that 20 to 30 pounds of available phos-
phorus per acre, when applied with the seed, is adequate for winter 
wheat grown on average phosphorus-deficient soils of the state. 
In the case of annual crops such as wheat, it is a more efficient 
fertilizer practice to supply the approximate amount of nutrient 
supplement needed by the current crop annually than to add a large 
amount one year for two or more years' crop growth. This is evi-
denced by the residual effects of phosph ate applied to the 1950 crop 
on yields o f wheat obtained in 1951 (see Figure 15). 
Time and rate 
20 I bs. P 20 5 / acre 19501 
30 lbs. P,0 5 /acre 19501 
50 I bs. P ,0 5 / acre 19501 
1951 wheat 
yield increase 
bu./ acre 
2.7 
2.6 
1.4 
20 lbs. P,0 5 / acre 19501 and 1951 9.9 
Bu . wheat returned 
Tot.al response, per lb. 
1950 and 1951 P,0 5 applied 
bu./ acre 
14.0 0.70 
17.1 0.57 
16.9 0.34 
21,2 0.53 
1 Fertilizer applied in the previous fa]l at planting time for the 1950 crop, similarly for l 95 l 
crop. i\1ean of three experiments. 
Effectiveness of Different Phosphate Carriers 
Little early work was done in Nebraska comparing the rela tive 
effectiveness of different types of phosphorus fertilizer materials. In 
most experiments conducted in the past ordinary or concentrated 
superphosphates were employed as the carriers. In the few compari-
sons which were made between rock phosphate and superphosphate, 
the former proved ineffective for crops grown on Nebraska soils. This 
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May 1951 
Left- 20 pounds P ,O, per acre applied Right- 50 pounds P ,O, per acre 
in 1950 and '1951. applied in 1950. 
FIG URE 15.-Twenty pounds available phosphorus applied annually to winter wheat 
is more effective for increasing yields than 50 pounds applied biennially. 
is in agreement with results at other midwestern and western experi-
ment stations. 
In the 1938-1942 phosphorus studies with wheat in southeastern 
Nebraska, two exp eriments included calcium metaphosphate as well 
as the standard superphosphate treatment. The metaphosphate proved 
slightly more effective than superphosphate. The 1950 fertilization 
work with whea t included three phosphorus carrier experiments on 
phosphorus-deficient acid and calcareous soils. The sites employed 
for studying phosphorus carriers were carefully selected to r epresent 
various conditions of phosphorus defic iency in Nebraska: first, strongly 
acid soil on glacial drift (Johnson Co.); second, calcareous sandy soil 
(Colfax Co.); and third, moderately acid soil on loess (Nemaha Co.). 
The first two sites embodied soils of extremely low available phos-
phorus content by Nebraska standards. The carriers u sed were ordin-
ary and concentrated superphosphate, calcium m etaphosphate, nitric 
phosphate (17-22-0), fused phosphate,4 and rock phospha te, and seed 
treatment was effected with sodium monobasic orthophosphate. In 
comparing these carriers ( except seed treatment), the rather ligh t 
rate of 20 pounds P20 5 p er acre p laced with the seed was u sed in 
order to better measure relative efficiency of the different carriers 
• The nitric phosphate and fused phosphate were pilot plant products of TVA. 
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for supplying phosphorus to the wheat. Comparable experiments, 
with slight modification, were again conducted on similar soils in 
1952. Table 22 summarizes the responses noted in these six experi-
ments. 
R ock phosphate at the h eavy rate of 700 pounds per acre caused 
less than h alf the yield response obtained with superphosphate on 
acid soils, and had no effect on yield on calcareous soil (Figure 18). 
Calcium metaphosphate was apparently about as effective as the super-
phospha tes on acid soils but was much less effective on the calcareous 
so ils investigated. The nitric phosphate (17-22-0) employed in 1950 
was less effective than superphosphate, however, a 12-32-0 nitric phos-
phate was superior to superphosphate in 1952 on acid soils. N either 
of the nitric phosphates appeared promising on calcareous soil. R esults 
from the fused rock phosphate and the seed absorption of phosphate 
treatments were not promising on either the acid or calcareous soils 
(Figures 16 and 17). A greater residual effect was noted with the 
succeeding crop from such carriers as rock phosphate and fused phos-
phate than from superphosph ate. However, this carryover was not 
sufficient to make them comparable to superphosphates for use on 
phosphorus-deficient Nebraska soils. 
Of other phosphatic materials on the fertilizer market, various 
studies have indicated that ammoniated phosphates h ave approxi-
mately equal availability with the superphosphates from which they 
have been derived. Da ta from three 1952 experiments on phosphorus-
deficient soils substantiate this contention. The m ean yield with three 
ammonia ted phosphates on the Nebraska fertili zer market was 24.4 
bush els per acre compared with 24.5 bushels from a comparable mix-
ture of ammonium nitrate and concentrated superphospha te. 
There have been some indications that with certain soil conditions 
ammonium phosphates give more efficient utilization per unit of 
phosphate applied than m onocalcium phospha tes. This point was 
investigated with wheat in southeastern N ebraska during 1951 and 
1952. As an average of nine experiments, identical yields were obtained 
with ammonium phosphate and the comparable ammonium nitrate 
and superphosphate mixture. Where used on a calcareous soil in one 
of the 1952 experiments, however , the ammonium phosphate was 
definitely superior to the mixture. 
It is doubtful that seed treatment with nutrient solutions will 
have wide practical application. R esults with phosphate absorption 
were not promising in the 1950 and 1952 exp eriments cited, in part 
because of the deleterious effect on germination and consequent stand 
reduction, and in part due to the fact that adequate phosphate could 
not be provided b y the procedure (see Figure 16). The same prin-
TABL E 22.-Comparison of differen t p hospha te carri ers applied at th e rate of 20 pounds per acre fo r winter wh eat in Nebraska
1950 and l 952. 
Yi eld in crease, b u ./acrc d ue to :1 
Nature of I Yea rs I N umber of I I I 
N itric 
soil experimen t:; Su perp l1osphatc Ca meta - I F used I Seed phosp hate I Rock p hosp hate phosp hate treatme nt!! p hosphatc 3 
17-22 -0 12-32-0 
Acid so ils 1950 & 1952 4 3.3 3.2 1.9 - 1.8 
1950 2 5.6 2. 1 2.4 
1952 2 1.0 4.0 
Ca lca reo us soi ls 19.50 & 1952 2 13. 1 3.7 - 2.5 -4.5 
1950 I 9.2 4.5 - 1.5 
1952 1 17.0 5.0 
1 Yield in crease indi cated is the di ffe re nce in yield betwee n the nitrogen fert il izer lrea tm ent a lo ne a nd th e comb ined nitrogen and phosphate trea t -
m ent. A ll p hospha te appl ied with seed at p la n ti ng tim e . A tota l of 40 po unds of n itrogen per acr e suppl ied to a ll p lots. 
2 l n 1950, a 5 per cent solution of sod ium m o nobasic or t hop hosp ha te u sed , su pp lyin g approx im ate ly 0.6 pound P :10:i per acre. In 1952 a 5 -10 -5 
'' liquid fertilizer employed a t th e rate of 1 pint per bu shel of seed wh ·ch su pplied approximately 0.15 po und P205 per acre . 
3 Rock phosp hate applied at the rate of 700 pound s per acre, supplying app rox imately 20 pounds avai lable P,O, and 225 pound s total P20o per 
acre. 
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FIGURE 16.-Marked fertilizer response (left) of wheat to 20 pounds P 20 . drilled 
with seed as compared with no response (right) to seed treatment with a fer-
tilizer solution. Yields were 28 and 12 bushels per acre respectively. 1952 experi-
ment on calcareous soil in Nebraska. 
May 11 and June 28 , 1950 
Left- fused phosphat". 
Right- superphospha1e . 
FIGURE 17.-Field appearance of plots t reated with 20 pounds avai lable phosphorus 
per acre as fused phosphate and superphosphate. Strongly acid soil in Johnson 
County. 
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June 28, 1950 
Left-superphosphate. Right-rock phosphate. 
FIGURE 18.-Field appearance of plots treated with 20 pounds per acre as super-
phosphate (47 pounds) and rock phosphate (700 pounds). Strongly acid soil 
in Johnson County. 
ciples are expected to apply with nitrogen solutions marketed for 
seed treatment, or with combined nitrogen-phosphorus nutrient solu-
tions. Practicality of the procedure then is limited by ( 1) the extrem-
ely small amounts of materials applied on an acre basis and resultant 
extremely small potential effect on yields, and (2) the higher cost 
per unit of nutrients than in liquid and dry fertilizer materials 
meant for soil application. 
Effect of Phosphorus on Quality of Winter Wheat 
Some investigators in other states have indicated that phosphorus 
fertilizers may enhance the quality of wheat by increasing the test 
weight. In the work of Weldon et al. (9, 27, 43) on phosphorus fertili-
zation of wheat in southeastern Nebraska from 1938 to 1940, the test 
weights of wheat produced on the treated and nontreated plots were 
compared. These studies indicated, as an average of 130 tests, that 
phosphorus fertilizer applied alone is not likely to have any appreci-
able effect on test weight of the grain, except possibly in cases of 
extreme phosphorus deficiency. Further observations of test weight in 
relation to fertilizer treatments in recent years suggest that phos-
phorus fertilizer applied alone will have little if any effect on test 
weight. Applied with nitrogen to soil deficient in both nitrogen and 
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TABLE 23.-In fl uence of fertilizer treatments on the test weight of wheat in Ne-
braska. 1948- 1952. 
T reatment 
Lbs./ acre of 
N-l'20;-K 20 
0- 0-0 
40(5)-0-0 
40(5)-30-0 
40(5)-30-30 
0-0-0 
40(5)-0-0 
40(5)-30-0 
40(5)-30-30 
0-0- 0 
40(5)-0-0 
40(5)-30-0 
40(5)-30-30 
0-0-0 
40(5)-0-0 
40(5)-30-0 
40(5)-30-30 
1948 
lbs .jbu. 
60. 1 (! )1 
60.7 
60.7 
60 .9 
1949 1950 
lbs. / bu. lbs ./ bu . 
Sou th eas tern Nebraska 
56.4 (I ) 
55 .1 
57.9 
57 .6 
58.8 (4) 
58.5 
58.4 
59.1 
195 1 
lbs. / bu. 
54.7 (3) 
52.5 
55.8 
56.5 
East-south-central Nebraska 
59.2 (6) 
59.5 
59.6 
59.7 
57.0 (9) 
56 .5 
57.3 
57. 1 
58.0 (4) 
58.3 
59 .8 
58.9 
57.5 (4) 
57.6 
57.9 
58.0 
W'est-south-central Nebraska 
59.4 (4) 
59.5 
59.4 
59.7 
59 .6 (5) 
59.1 
59.2 
59 .1 
56 .5 (I) 
56.6 
56.9 
55.7 
58.6 (3) 
56.4 
57.4 
57.1 
Western Nebraska 
58 .3 (4) 
56 .2 
57 .0 
56 .7 
58 .8 (3) 
57.7 
57.8 
57.9 
57.7 (8) 
58.0 
57.8 (3) 
56.7 
57.5 
57.7 
1 Figures in parentheses represent number of experiments. 
1952 I 
Mean for 
five years, 
1948- 1952 
lbs .jbu. lbs. / bu. 
60.2 (3) 
59.9 
60.1 
60.0 
58.5 (6) 
58 .1 
58.7 
58.9 
60 .2 (3) 
57.8 
57.4 
57.1 
55.1 (7) 
52.7 
52.2 
51.8 
58.0 
57.3 
58 .6 
58.8 
58.0 
58.0 
58.5 
58.5 
58.72 
57 .6 
57.8 
57.4 
57.9 
56.5 
56.7 
56.6 
2 Average fig ures for west-south-central Nebraska do not include 1951 data. 
phosphorus, it may elevate test weight slightly. Phosphorus fertilizer 
h as a slight but not complete moderating effect on the apparent depres-
sing action of nitrogen fertilizer on test weight (Table 23)-
Phosphorus fertilization of wheat also has been linked with the 
protein content of grain produced in some parts of the country. R e-
sults obtained to date in Nebraska, however , generally have shown a 
negative relationship between phosphorus fertilizer supplements and 
the protein in the grain, i.e. , protein p ercentage has dropped with 
phosphorus fertilizer increments. T his has obtained even on those 
soil areas where phosphorus fertilization has increased yields. Table 
24 of 1948-1952 results shows an indication of a drop in protein per-
centage from phosphorus application alone and a smaller protein 
p ercentage increase from combined nitrogen-phosphorus fertilization 
than from nitrogen fertilizer alone. Of the 72 tests for which protein 
da ta are available, only 31 p er cent showed an increase in protein 
due to phosphorus fertilizer alone and 37 per cent showed an increase 
for a combination of nitrogen and phosphorus fertilizer compared 
with nitrogen fertilizer alone. This compares with 82 p er cent of the 
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TABLE 24.-Effect of phosphorus fe rtilizer on the protein conten t of winter wheat. 
Nebraska, 1948- 1952. 
Treatment 1948 1949 1950 195 1 1952 
Lbs. per acre Average Average Average Average Average l\1ean fo r 
of of 17 of 14 of 13 of 3 of 15 five years 
N I P2O5 expts. expt5. exp ts. expts. expts. 1948- 1952 
Check plot protein content (per cent) 
0 0 12.4 l 1.3 11.7 12.0 12.2 11.9 
Increased prote in due to fertilizer (per cent) 
0 30 - 0.1 -0 .2 - 0.3 - 0.7 - 0.J - 0.3 
40 30 2.3 0.4 1.3 - 0.4 1.5 1.0 
40 0 2.5 0.6 I.I 0.8 1.7 1.3 
In creased protein due to phosphorus where applied with nitrogen (per cent) 
- 0.2 - 0.2 0.2 - 1.2 - 0.2 - 0.3 
experiments showing significant protein increases from nitrogen 
fertilizer only. No doubt this further verifies a reduced nitrogen 
utilization by p lants growing on nitrogen-deficient so il where the 
available phosphorus supply is r a ised to a relatively high level. It 
seems apparent, therefore, that fertilization of wheat with phospha te 
is not likely to increase the prote in content of the grain unless phos-
phorus deficiency seriously curtails crop growth. 
The old p ractice of phosphating the legumes on phosphorus-defici-
ent soil is still considered a good one, as it stimulates the legumes to 
heavier forage production and greater nitrogen fixation . Of all 
crops grown in Nebraska, the legumes r espond best to phosphorus 
fertilizer , so use of phosphate on these crops is likely to provide mos t 
profitable re turns. T his is considered sound soil management pro-
cedure for southeas tern Nebraska and irrigated sections of the state 
where phosphorus is deficient and moisture adequate for legume 
production. 
Relation of Soil Properties to Phosphorus Fertilizer Response 
For the zonal so ils under investigation , consistent r esponse to phos-
phorus fertiliza tion was obtained only on the Sharpsburg and Carring-
ton series (Table 25). The Crete, Hast ings, Holdrege, Keith and 
Sherman soils as a general rule are adeq uately supplied with ava ilable 
phosphorus for good wheat production. It should be mentioned, 
however, that many of the so ils developed from glacial ma terial in 
southeastern Nebraska o f lesser importance for wheat productio n such 
as the Pawnee, Burchard and Steinauer series, severely eroded areas 
and man y sandy soils are known to he deficient in phosphorus. 
Phosphorus defi ciency is often recognized in conjunction with 
three definite soil conditions, viz., extreme sandin ess, strong acidity 
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and high lime content. The first two go somewhat hand-in-hand, 
since very sandy soils are often quite acid in reaction. In the case of 
strongly acid soil reaction, the solubility of iron and aluminum com-
pounds in the soil is increased and according to Heck (15), the hy-
drates of these elements combine with available phosphorus, residual 
and applied , to form complex insoluble and unavailable phosphate 
compounds. On the other hand, McGeorge (24) contends that avail-
able phosphate is converted to insoluble and unavailable hydroxy or 
carbonate apatite compounds in soils containing excessive quantities 
of calcium carbonate. 
In addition to the indirect effects soil r eaction has on the availa-
bility of phosphorus compounds in the soil , it is known tha t strong 
alkalinity has a direct depressing effect on the absorption of phos-
phorus by plants. A pH of approximately 8.0 has been recognized as 
the upper limit for ready phosphorus absorption by plants. This 
factor does not warrant consideration, however, with most zonal soils 
in Nebraska devoted to wheat production, for soil r eaction is gen erally 
in the m edium acid to neutral range (Table l ). It is a factor for 
consideration with alkaline terrace and bottomland soils and eroded 
calcareous upland soils where wheat is grown. 
The effectiveness of applied phosphorus has been increased in 
recent years by two practices in the manufacture and spreading of 
phosphate fertilizers, practices which reduce fixation. First, the 
fertilizer is be ing granulated b y many manufacturers, thus reducing 
the surface area of the fertilizer ma terials exposed to r eversion reac-
tions in the soil. Secondly, m achinery has been devised for placing 
the phosphate fertilizer in concentrated bands in the root zone, further 
limiting reversion reactions. 
Only four of the recent experiments with fertilization of wheat 
have been carried out on sandy and/ or calcareous soils. R esults from 
these experiments (see Wannsoils, Table 25) along with many recent 
tests with spring small grains, r ye and even grasses have indicated 
a general need for phosphorus supplem ents in obta ining m aximum 
yields under these soil conditions. 
It has been implied that need for supplemental phosphorus usually 
can b e predicted for wheat growing on extremely sandy or highly 
calcareous soils. Prediction of phosphorus n eed on other soils, includ-
ing most of the zonal soils of the sta te, is much more difficult. In 
the latter case, the considera tion of several factors is n ecessary. Some 
of the more important of these factors are past fertilization practice, 
past cropping history as to time and amount of crop removai, na ture 
of the soil clay, soil reaction, and organic matter content. It is reason-
able that a soil which h as received regular and frequent supplements 
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TABLE 25.-Effect of phosphorus fertilizer on the yield of winter wheat grown on 
the major wheat producing soils of Nebraska. 1945-1950. 
N umber of Yield of Increase in yield due 
Year experiments check plots, to 30 lbs. of 1'20 5,1 bu .jacre bu ./acre 
SHARPSBURG 
1945 3 27.6 5.6 
1946 3 28.9 4.6 
1948 l 22.9 7.1 
1949 1 20.3 10.1 
1950 5 32 .2 4.9 
195 1 1 14.8 1.9 
1952 1 38.0 8.0 
Mean 6.0 
CARRINGTON 
1945 1 27.5 3.7 
1950 I 17.4 8.1 
1951 2 5.5 10.0 
1952 1 14.3 2.4 
Mean 6.1 
CRETE 
1947 2 14.4 -1.8 
1948 3 33.2 - 0.7 
1949 5 14.1 0.1 
195-0 2 17.5 - 1.4 
1951 2 15.3 2.4 
1952 2 20.0 0.0 
Mean - 0.2 
HASTINGS 
1948 ,1 25.6 1.8 
1949 4 15.0 0.6 
1950 1 35 .7 4.7 
1951 2 10.5 0.5 
1952 2 29.0 0.0 
Mean 1.5 
HOLDREGE 
1947 1 23.3 1.4 
1948 2 49.6 2.1 
1950 3 31.8 -0.1 
1951 2 22.6 - 1.4 
1952 3 22.7 - 0.7 
Mean 0.3 
KEITH, SHERMAN and ROSEBUD 
1947 1 21.7 0.2 
1948 7 43.6 
- 0.3 
1949 6 18.6 0.0 
1950 3 12.2 1.3 
1951 2 30.2 0.2 
1952 7 19.7 0.7 
Mean 0.4 
1 Yield increase due to p hosphorus determined as the difference between the yie1ds from a 
combined nitrogen and phosphorus trea tment and those wh ere on ly nitrogen was app lied . 
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T TABLE25.-Continued. 
Yea r 
1949 
1950 
195 1 
1952 
Nu mber of 
experiments 
Yield of 
check plots 
bu ./acre 
WANN 2 
10.2 
18.5 
3.4 
11.0 
In crease in yie ld du e 
to 30 lbs. of P ,O, .1 
bu ./acrc 
5.2 
13.0 
7.2 
21.0 
61 
2 A sandy calcareous first bottomland soil. Not a major wheat-producing soil , but included 
to stud y the influence of phosphati c fertili zers with a soil conditi on wh ere phosp horu s defi ciency 
was known to ex ist. 
of phosphorus in manure and commercial phosphate fertilizer is not 
likely to be so defici ent as a like soil without this fertilization history. 
It is also logical that of two soil areas identical in nature, the one which 
has been cropped longest with greatest crop removal , other factors 
be ing equal, is likely to be most defici ent in phosphorus. Thus, these 
historical items are of utmost importance in predetermining n eed for 
supplemental phosphorus. 
Soil r eact ion , as indicated by pH values, is certainly one of the 
most important factors governing availability of soil phosphorus. In 
the case of a high pH of 7 .7 or more with zonal soi ls, the presence of 
excess lime is indicated. At the other extreme, pH values of less 
than 5.5 indicate increasing solubility of iron and aluminum com-
pounds in the soi l and consequent precipitation of r es idual and 
applied phosphate. It is true that pH determined over a limited 
ra nge is perhaps of little specific value in predicting phosphorus 
requirements of soils. This was observed by Miller (26) in studying 
phosphorus fertilization results with wheat in southeastern Nebraska 
on soils having a pH range in the surface horizon of approximately 
5.5 to 6.0. Experimental results h ave shown, however , that the most 
acid soils in Nebraska as a group, i. e., those in southeastern Nebraska 
such as the Sharpsburg, and the alkaline calcareous soils in this and 
other sections, are most likely of all Nebraska so ils to be deficient in 
phosphorus. Thus the pH value of a g iven soi l is considered one of 
the most reliable a ids in predetermining whether or not phosphorus 
supplement is needed. F igure 19 bears out th is belief for the entire 
pH range of soi ls which has been studied. It would appear from 
this graph that the approximate optimum pH range for wheat pro-
du ction in relation to phosphorus ava ilability is 6.2-7.0. 
That organic m atter content m ay serve as an index of possible 
need for supplemental phosphorus is born e out b y results in two 
1948 experiments on Hastings soils in south-central Nebraska. Norm-
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FIGURE 19.- Relation between pH of surface soil horizon and yield increases result-
ing from phosphorus fertilization. Nebraska, 1948-1952. 
ally phosphorus fertilization has not increased yields of wheat and 
other crops on these soils. At these two sites, however, where erosion 
has been quite severe and the soils are now relatively low in organic 
matter content, an average increase in yield of 5.3 bushels per acre 
due to phosphate was obtained. The organic matter values of 1.95 
and 1.38 per cent are considerably lower than those found with H ast-
ings soils which have not been eroded appreciably. No satisfactory 
laboratory quick test has been devised for measuring the total quan-
tity of organic soil phosphorus, nor the rate at which it is likely to be 
released in inorganic form for crop use For this r eason, most quick 
tes ts for soil phosphorus disregard this important source of phos-
phorus. Therefore, knowledge of the soil's organic ma tter content 
is of considerable importance in predicting the n eed of crops for sup-
plemental phosphorus. 
Laboratory quick tests serve as a further aid for predetermining 
the probability of need for phosphorus fertilizer. Testing proced-
ures h ave been devised by many investigators for extracting soil 
phosphorus and some h ave proved quite dependable in given areas. 
R esearch continues for improved testing procedures. The chief re-
quirement of any procedure is that the test be correlated with fi eld 
conditions and results from fertilizer trials in a specific region. Cer-
tainly the primary limitation of soil testing as practiced by many 
is neither in the reagents employed nor the testing results but in the 
lack of correlation between the soil tes ts and fi eld response from 
fertili zer applications. 
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Soluble phosphorus in these studies was determined on the 0- to 
8-inch soil samples from 1948-1952 test plot sites to achieve further 
correlation between laboratory testing results and field resu lts from 
phosphorus fertilizer application. For this reason, reagents and pro-
cedures identical to those employed by the Soil Testing Laboratory 
were used. In this laboratory procedure phosphorus is determined on 
a 1 ½: 1 extraction, thus the amount of phosphorus in the extraction 
can be expected to be very small. This accounts for the very low 
figures of 0.03 to 0.65 p.p.m. of phosphorus portrayed in Figure 20 
where soluble soil phosphorus is plotted against yield increase from 
phosphorus fertilization of continuously cropped fields. Since phos-
phorus fertilizer applied alone h ad little effect on yields at most loca-
tions, the yield increase due to phosphorus as p lotted h as been obtained 
b y taking the yield difference between the n itrogen-phosphorus-fertil-
ized plots and the nitrogen-fertilized p lots. A perfect relationship 
could not be expected because of the many variables which could 
cause deviation. Nevertheless, a high! y significant correlation is 
apparent (Table 26 and Figure 20). The regression line indicates 
0 1948; A Y=6.8-12 .0 X; r=-- .580 
® 1949; Y= 12.5-29.6x r=- .75 4 
6 1950; 'V=l5 .3 - 48 .8 X r =- .828 
Q) 
0 'v=4.0-12.9X ; ... 15 1951 ; r ,. - .627 0 
0 
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,:j 6 
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FIGURE 20.-Relation between soluble phosphorus content of soil (I ½ : 1 extraction) 
and yield increase from phosphorus fertilizer application, 1948-1952. 
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TABLE 26.-Correlation of soluble phosphorus with yield of winter wheat and with 
the increase in yield of winter wheat due to phosphate fertilizer. Nebraska, I 948-
1952. 
Correlation 
Wheat after small grain (40 fields) 
Yield with soluble phosphorus 
Yield as percentage of maximum yield with soluble phosphorus 
Increase in yield due to phosphate with soluble phosphorus 
Increase in yield due to phosphate as percentage of 
maximum yield with soluble phosphorus 
Wheat after fallow (25 fi elds) 
Yield with soluble phosphorus 
Yield as percentage of maximum yield with soluble phosphorus 
Increase in yield clu e to phosphate with soluble phosphorus 
In crease in yield due to phosphate as percentage of 
maximum yield with soluble phosphorus 
* Significant at the 5% level, significant. 
•• Significant at the 1 % level , highly sign ifi cant. 
Correlation 
coefficient 
(r ) 
.216 
.348" 
.603"* 
.618"" 
- .071 
-.200 
-.296 
-.216 
that for the p eriod 1948-1952 a response to phosphorus fertilization 
could be exp ected if the testing procedure showed less than approxi-
mately 0.45 p.p.m. soluble phosphorus and a profitable response a t 
Jess than approximately 0.30 p.p.m. soluble phosphorus. On the basis 
of the first year's correlation of this testing procedure in 1948, pre-
dictions of phosphorus response for the 1949 and 1950 experimental 
locations were almost 100 p er cent correct. It may be stated in favor 
of the testing procedure that on the basis of knowledge of the area 
and general past fertilizer results, probably no one would have pre-
dicted a yield increase from phosphorus in fields 28 and 29 during 
1948, field 13 during 1949, fields 4, 33, 39 and 62 during I 950, and 
fi eld 23 during 1951. In other words, soil series designation from 
apparent soil properti es and location are not adequate criteri a for 
predicting supplemental phosphorus needs . 
This apparent correlation with the testing procedure is not in 
agreement with the observations of MilJer (26). H e used substantiaIJy 
the same ex tracting reagent, but employed a percolation procedure. 
He stated that the test was of no "material value as an aid in the pre-
di ction of profitable (phosphorus) response. Apparently factors other 
than phosphate availability are involved in this problem." In view 
of the nitrogen-phosphorus relationship which has been outlined here, 
it is proposed that nitrogen was the major missing factor. It is now 
believed that the test can be of ma teri al value in predicting phos-
phorus requirement where it is supplemented by cropping and fer-
tilization history, and information p ertaining to soil reaction, texture, 
a nd organic matter content and where the crop's nitrogen requirement 
is satisfied. 
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The lack of correlation between the testing procedure and yield 
response to phosphate on fallowed fields can probably be attributed 
to the general lack of phosphate response in the summer fallow area 
of Keith, Sherman and Rosebud soils. 
POTASSIUM FERTILIZER FOR WINTER WHEAT 
The available potassium content of ,soils developed in r egions o f 
low rainfall is normally high, and potassium fertilization has gener-
ally given little if any r esponse. This h as been the observation in 
Nebraska to date . Further, the laboratory measurements made in thi s 
study indica te ver y high exchangeable potassium of the zonal so ils 
under inves tigation (Table 1 ). 
Lit tle or no benefit accrued from potassium fertilizers applied for 
winter wheat grown on Sharpsburg soil at Lincoln during the 12-year 
period 1921-1932. In fact, an addition of 16 pounds K20 with 13 
pounds of nitrogen per acre r esulted in an average depression of 1.6 
bushels per acre below the yield with nitrogen fertilizer only (see 
Table 18, p . 44). 
In the seven tests conducted by Fitts et al. (10) in southeastern 
Nebraska during 1945, the combined nitrogen-phosphorus-potash treat-
ment included in the experiments averaged no better than the com-
bined nitrogen-phosphorus treatment, and in no case was a significant 
yield difference obtained in favor of the potash. Similar results were 
noted in 1946, 1947, 1949, 1950, 1951 and 1952 (T able 4), except 
that a yield depression from the potassium fertilizer was often appar-
ent. In several of these tes ts the yield depression was significant at 
the 5 per cent level. 
An apparent yield increase from potassium fertili zer was noted 
in the 1948 experiments. This was the result of two tes ts which 
showed barely significant yield increases from the potash (T able 4). 
Increase in yield due to potassium would not be expected on th e 
bas is of the soil properties at the two locations (fields 12 and 27, Crete 
and H as tings so ils, respectively). The soils at the two sites were r ela-
tively noneroded , medium- to fine-tex tured , relatively high in organic 
matter and medium acid in r eaction. There was no factor of exces-
sive calcium or other condition known to be inhibitive to potassium 
absorption. Exchangeable potassium was 1.5 m.e. / 100 g. in the sur-
face horizon a t both locations. In view of the other so il conditions 
no ted , all favorable to potassium absorption, there was no apparent 
reason why this large amount of excha ngeable potassium should not 
have supplied the crop with adequate quantities of the element. This 
does not mean that potassium defici ency is impossible with these 
H ast in gs and Crete soils, but it does seem improbable a t present. Cer-
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tainly experiments with wheat as well as other crops more responsive 
to potash fertilizers should be continued in this area for further eval-
u a tion. It is possible that some unrecognized condition of these soils 
h as an adverse effect on potassium absorption by crops, thus r educing 
the significance of high exchangeable potassium. 
In comparing the protein content of winter wheat produced with 
different fertilizer treatments in the 1948-1952 experiments, it is evi-
d ent that potash h ad little or no effect on protein (Table 27). 
In view of field observa tions and research findings to da te, there 
is no basis now for widespread use of po tassium fertilizer for wheat 
grown on the m ajor soils devoted to wheat production in Nebraska . 
It is known tha t certain small areas of very sandy soils are defi cient 
in this element, but little of this soil is used for wh eat production. 
T ABLE 27 .-Effec t of potass ium fer tilizer on the protein content of winter wheat. 
Nebraska , 1948- 1952. 
Treatment, I 1948 I 1949 
N-P20s- K20 , Average of Average of 
lbs./acrc 17 cxpts . 14 expts. 
1950 I Average of 
12 expts. 
1951 I 1952 I Mean for 
Average of Average of fi ve years, 
II expts. 15 ,,xpts. 1948- 1952 
0-0-0 
40-0-0 
40-30-0 
40-30-30 
Average protein content of check plots (per cent) 
12.4 11.3 11.8 11.5 12.2 
Average increase in protein due to fe rtilizer (per cent) 
2.5 0.6 1.1 0.5 1.7 
2.3 0.4 1.1 0.0 1.5 
2.2 0 .6 1.0 0.2 1.6 
MIXED FERTILIZERS FOR WINTER WHEAT 
11.8 
1.3 
1.1 
1 .1 
T h e need for nitrogen , phosphorus and potassium fertilizers by 
winter wheat grown on major Nebraska soils has been summar ized 
in the preceding sections. It is apparent that any Nebraska soil defi c-
ient in phosphorus is also likely to be defi cient in nitrogen . Where 
both deficiencies exist, there is a place for a mixed nitrogen-phos-
phorus fertilizer. In general a 1-·f-0 or 1-5-0 ra tio fertili zer is thought 
to have greatest application for this purpose, supplying the phos-
phorus requirement and a small amount of nitrogen fo r starter a t 
planting time. Thus, 100 p ounds per acre of a n 8-32-0 grade applied 
with the seed at planting would supply all of the phosphorus needed. 
T his basic treatment followed by approximately 30 pounds of nitro-
gen in the spring in the form of some effective straight nitroge n car-
rier would satisfy the fe rtility supplement needs of wheat grown 
o n average Nebraska soils defi cient in bo th elemen ts. 
For average zonal soils similar to those studied h ere there is but 
slight advan tage in u sing the mixed ma terials (1-3-0 ra tio employed 
h ere) over individual fall and spring appli cations of phosphate and 
nitrogenous fertilizers respectively (see T able 9). For soils of ver y 
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low nitrogen fertility, however, the small amount of nitrogen sup-
plied in the mixed fertilizer is almost certain to induce a better 
stand, more stooling and more rapid early spring growth of the 
wheat. This could have a marked effect on yield. 
A 1-1-0 ratio fertilizer such as a 15-15-0 grade, or a 3-2-0 ratio, 
would seem ideal for wheat grown on soil known to be deficient in 
both nitrogen and phosphorus. With such materials only one fer-
tilizer operation is required. The h ypothesis is correct so long as the 
fertilizer is not placed with the seed, a practice known to be most 
effective in the fertilization of wheat with phosphate. Placement of 
the needed amount of nitrogen with the seed will cause serious stand 
reduction due to inhibited germination if the seedbed is dry at and 
immediately following planting. With adequate moisture at and 
following planting, this restriction does not apply. Neither does it 
apply if the fertilizer is broadcast prior to plowing or discing. 
To date it is unnecessary to employ mixed fertilizer containing 
nutrient elements other than nitrogen and phosphorus for wheat 
grown on major wheat-producing soils of the state. Calcium is known 
to be deficient in some of the more acid soils, but its deficiency has 
little other than an indirect effect on wheat, being most needed by 
leguminous crops. 
SUMMARY 
The results of recorded fertilizer studies with winter wheat in 
Nebraska are presented for the period 1916 through 1952. In con-
junction with the field experiments, laboratory investigations were 
made on soil samples collected at the sites of the 1948-1952 experi-
mental plots, and some of the physical and chemical properties of the 
major zonal soils devoted to wheat production were studied in relation 
to the supplemental nutrient requirements of the crop. 
The major zonal soils upon which wheat is produced in Nebraska 
are recognized as the Sharpsburg, Crete, Hastings, Holdrege, Keith, 
Sherman and Rosebud soil series. Laboratory investigations of sam-
ples from these series show a gradual decline in moisture equivalent, 
organic matter and cation exchange capacity, and a progressive in-
crease in pH, soluble phosphorus, p ercentage base saturation, per-
centage calcium saturation and percentage potassium saturation from 
east to west across the state. Percentage exchangeable magnesium 
saturation is noted to be similar for all soils, and percentage sodium 
saturation is low with all series. Nitrification rate is noted to be 
quite low for all series. This accounts for the excellent r esults 
which have been obtained from nitrogen fertilization of winter wheat 
throughout much of the continuously cropped area of the state as 
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well as some of the dry farming region where summer fallowing is 
practiced. 
Comparison of current organic matter values for the different 
series with earlier determinations made on the same soils in virgin 
sod shows a marked reduction in this soil component. The reduc-
tions range from approximately 30 p er cent in southeastern and west-
ern Nebraska to slightly over 40 p er cent in south-central Nebraska. 
This gives some explanation for the widely observed nitrogen defic-
iency of crops throughout the state at the present time. 
It is demonstrated that winter wheat absorbs much of the nitro-
gen required for high yields between the period when growth com-
mences in the spring and the heading stage. Most efficient use of 
supplemental nitrogen applied to the crop will usually r esult when 
the application is made early during this period rather than at plant-
ing time or late in the period. This is thought to be of extreme im-
portance to Nebraska farmers in that it permits an evaluation of 
stand and moisture supply well into the second year of the crop's 
growth. If both factors are satisfactory and nitrogen deficien cy is 
known to exist, fertilizer application should b e a good risk. This 
assumes, of course, a sufficient soil nitrogen supply in the fall for 
a good stand and adequate stooling of the crop. In the case of 
extreme nitrogen deficiency, a split application of the nitrogen at 
planting time and in the spring probably must be made to obtain 
most efficient moisture utilization and response to the fertilizer 
by the crop. 
Consistent yield responses are reported for nitrogen applications 
in the spring (3 to 6-inch growth stage) at rates of 40 pounds of nitro-
gen per acre in most sections except the panhandle of western N e-
braska. The yield increases have ranged from 5 to 14 bushels per 
acre for the zonal soils studied in the eastern two thirds of the state, 
averaging about 8 bushels per acre. Generally, spring applications 
h ave been slightly superior to fall applications from the comb ined 
standpoints of grain yield and protein content of the grain. 
In deriving optimum returns from the nitrogen fertilizer , phos-
phate usually must be included on the Sharpsburg and Carrington 
soils of southeastern Nebraska. This is not generally true with the 
other major so il seri es investigated. 
Nitrogen carrier studies with wheat show that materials carrying 
part or all of their nitrogen in nitrate form are generally superior to 
those containing only the ammonium form of nitrogen for spring 
broadcast trea tments. Both of the former are superior to calcium cy-
a namide. The urea form of nitrogen appears to be about equally 
as effective as the nitrate form. Anhydrous ammonia applied at an 
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approximate 6-inch depth in the fall has given equivalent results to 
fall and spring broadcast ammonium nitrate. Early spring application 
of anhydrous ammonia in many years is equivalent to spring broad-
cast ammonium nitrate when soil moisture con_ditions p ermit suffici-
e ntly early application. 
In addition to the effects on yield, consistent increases in protein 
content of the wheat produced have been obtained from nitrogen 
treatments in recent experiments. This has applied as well in the 
western section of the state where winter wheat is produced after 
summer fallow. Spring treatments are noted to be superior to fall 
application, and ammonium nitrate more efficient than ammonium 
sulfate in this respect. 
It is demonstrated that a direct relationship exists between nitri-
fication rate of the soil and check yield of wheat and a negative 
correlation exists between nitrification rate and yield increases from 
nitrogen fertilization. These relationships are most valid when 
r estricted to a limited range of soil and climatic conditions, but are 
found meaningful for all of the state where continuous cropping is 
practiced. 
Best r esults from phosphorus fertilization of wheat occur when 
the fertilizer is placed with the seed in the soil. Broadcasting prior 
to final tillage is fairly satisfactory, but broadcasting just prior to 
or following drilling is not recommended. Consistent positive r esults 
with phospha te on wheat are presented for Sharpsburg and other soils 
of southeastern Nebraska, and calcareous sandy soils elsewhere, but 
little present need is apparent for supplements of this element for 
most of the m ajor soil series investigated in central and western Ne-
braska. 
Studies with different types of phosphorus carriers indicate that the 
various superphosphates and ammonium phosphates are superior 
to all o ther carriers investigated. Calcium metaphosphate and two 
TVA 'nitric phosphates' bear promise on acid soi ls, but are not adapted 
for limy soils. Rock phosphate and fused rock phosphate do not ap-
pear to b e satisfactory phospha te carriers for use with the wh eat crop 
in Nebraska. Nutrient solutions for supplying phosphorus by seed 
absorption have not proved promising in experiments conducted to 
da te. Data obtained on rate of phosphorus application to winter 
wheat indicate that 20 to 30 pounds of available phosphorus as P 20 5 
p er acre is adequate under most conditions. 
The relationship between nitrogen and phosphorus is developed, 
showing that phosphorus fertilizer applied alone to soils deficient 
in both nitrogen and phosphorus is not likely to constitute profitable 
fertilizer practice. Under such circumstances both elements must be 
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supplied. Further, a definite trend toward depression in yield is ev i-
denced from application of phosphorus carriers alone to soil defin-
itely deficient in nitrogen but not in phosphorus. 
In diagnosing possible need for supplemental phosphorus, it is 
suggested that this need may be considered a foregone conclusion for 
extremely sandy and most calcareous soils. The usefulness of organic 
matter and pH values and a quick testing method for soluble phos-
phorus is shown for other soils. A definite n egative correlation is 
reported for the 1948-1952 experiments between soluble phosphorus, 
as determined, and yield increases from phosphorus fertilization, i. e. , 
where spring nitrogen was applied as well. Littl e relationship is 
apparent where the tes ting results are compared with the yield response 
from phosphorus fertilizer applied alone, since the latter treatment 
had Ii ttle effect on yields at most locations. 
Supplemental phosphorus has been found to be of little value 
for increasing the protein content of wheat in much of Nebraska. In 
fact, where applied to soils quite deficient in nitrogen but not deficient 
in phosphorus it has h ad an apparent depressin g effect. 
The summarized potassium fertilization results with wheat indi-
cate little need for this element to date as fertilizer on the major Ne-
braska zonal soils devoted to wheat production. The laboratory 
determina tions which were made confirm these field results in that 
all series portray large amounts of exchangeable potassium , ranging 
between 1.3 and 3.0 m .e. / 100 g. in the surface horizon. Even the low-
est of these figures represents a very large amount of exch angeable 
potassium on an acre-foot basis. As with phosphorus, there appears 
to be no advantage in an application of supplemental potassium to 
soils not deficient in the element. On some occasions yield reductions 
as well as decreases in protein content of the grain may resu lt. It is 
believed that potash fertilization of winter wheat is practical now 
only on a few sandy soil areas of the state. 
There app ears to be a place for mixed fertilizers containing nitro-
gen and phosphorus where both elements are deficient in the soil. 
Although there is only a small advantage on the average zonal soils of 
N ebraska for using mixed fertilizers over a fall application of phos-
phate plus a spring application of nitrogen fertilizer, the advantage 
is greater on soils markedly deficient in nitrogen. 
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TABLE 28.- Moisturt equ iva lent, pH, organ ic matter content, nitr ifica tion rate and ava ilab le phosphorus in so ils from different ex-
perimenlal sites from 1948-1952. (A ll dete rminations made on sampl es except as n oted.) 
I I 
Moisture 
I 
pH 
I 
Organ ic 
I 
In iti al I N itrifi cation I Soluble 
Field Co unty Soi l equi va kn r, I matter, n itrate, rate (4 weeks), phosphorus,
2 
No. 1 class % 0-8" 10-20" % p.p.m. p .p .m. NOa-N p .p .m of P NOa-N 
Sharpsburg soils 
1. Dodge Si .c.1. 27.4 6 .0 6.0 3.85 2.3 15.2 0.30 
2. Dodge Si.c. 1. 28.6 5.6 5 .8 3.40 8.9 20.5 
3. Cass Si.c.1. 28.3 5 .5 5.8 3.95 19.3 12.7 0.34 
4. Dodge Si.c.1. 5.8 6.3 9 .3 18 .2 0.20 
5. Nemaha Si.c.1. 27.5 5.6 5.7 6.3 26.2 0.14 
6. Richardson Si.c. 1. 26.7 5.8 6.2 4 .83 5 .l 38.6 0.17 
7. Dodge Si.c.l. 5.9 6.2 3.77 0.5 35.0 0.1 5 > 8. Nemaha Si.c.l. 5.6 ·5 _9 ·3.91 6.5 5 1.0 0.15 ~ Sa. Lancaster ' Si.c.l. 5.7 5.8 8.o ·. 0.15 ~ Sb. Dodge Si. c.1. 5.5 I 5.8 3.36 8.5 22.0 0.21 
z 
Mean 27 .7 5.73 5.8" 3.87 7 .5 26 .6 0 .21 ~ ~ 
Crete soils 
9. Butler Si.I. 23.6 5.6 6.0 3. 15 4.3 15.1 
10 . Seward Si .c. l. 26.6 6.3 6 .4 4 .69' 5.84 36.7 ' 0.50' 
11. Saline Si.c.l . 27 .1 5.4 5.5 2.99 7.5 10.0 0.39 
12. York Si.I . 23.9 5.5 5 .9 3.16 10.5 12.5 0.40 
13. Fillmore Si.c.l. 25 .0 5.7 6.3 2.82 3.7 14.45 
(32.8) 7 (2.11 ) (0.0) • (4.4) 
14. Fillmore Si.I. 24.8 5.5 6.0 2.80 5.0 12.5 0.29 
15. Thayer Si.c.l. 24.8 5 .5 6.l 2.06 6 .3 14.9° 
(33.3) (1.51) (2.0) (1.1 ) 
16. Clay Si.1. 24.6 5 .6 6.2 3.18' 16.8' 30.7 ' 
17. Nuckolls Si.1. 23 .0 5.6 6.0 2 .37 9.2 13.9 0.39 
18. Adams Si.I. 25 .0 5.7 6.2 2.19 2.8 . 14.7 
TABLE 28 .-Continued. 
Moisture pH Organic 
I 
'"";,1 I N;n;s,,.;,, I "'""" Field I Cou n ty I Soil cquivalenL, I matter, nitrate, rate (4 weeks), phosphorus,
2 
No.1 class % o.s" 10-20" % p.p.m. p.p.m . NO,-N p.p .m of P NOa-N 
19. Adams Si.I. 22.4 6.l 6.2 1.90 4.8 15.8 0.33 
20. Clay Si.I. 21.7 6.3 6.4 3. 16 0.0 19. l 0.37 n 21. Fillmore Si.c.l . 26.4 6.3 6.5 3.17 0.9 22.5 0.34 0 
22. Clay Si .I. 6.0 6.2 3.07 4.0 15.0 0.65 !," "" a: 23. Saline Si.I. .. .... 5.8 5.9 3.49 2.0 19.5 0.18 M 
23a. Fillmore Si.I. 5.9 6.6 2.65 - 5.5 18.5 0.26 "' ...... Q 
23b. Clay Si.I. ...... 5.6 6.4 2.68 21.3 20.0 0.44 > t" 
Mean (except 
.,, 
M 
"' fields .., 
4 and 16) 24.5 5.8 6.2 2.78 5.9 16.0 0.37 f= ;:. 
M 
"' Hastings soils ,,, 
"1 
24. Polk Si.I. 24.1 5.7 6.0 3.33 4.8 14.6 0.37 0 
"' 25 . York Si.c.l. 26.4 5.6 6.0 3.46 7.5 17.5 ~ 26. Hamil ton Si.I. 24.4 6.0 6.3 2.69 12.8 14.0 
27. Hamilton Si.I. 22.1 5.7 6.3 2.84 3.5 15.0 0.60 z .., 
28. Adams Si.I. 23.5 5.7 6.2 1.95 7.8 19.7 0.33 M 
"' 29. Kearney Si.I. 23.6 6.5 6.7 1.38 6.0 9.6 0.15 ~ 30. Kearney Si.I. 24.8 6.5 6.6 2.23 8.5 12.7 0.36 ;i: 
31. Phelps Si.I. 24.7 6.0 6.7 2.05 9.0 16.6 0.40 M > 
32. Adams Si.I. 21.8 6.4 6.8 2.56 7.9 18.3 0.16 .., 
33. Platte Si.c.l. 26.0 5.9 6.2 3.76 0.3 33.0 0.1 6 
34. Webster Si.I. ..... . 6.1 6.4 2.37 1.0 13.0 0.27 
35. Hamilton Si.I. 
·· ···· 
6.0 6.4 2.51 0.5 22.0 0.21 
35a. Howard Si .I. ...... 6.3 6.7 2.23 2.5 18.0 0.30 
35b. Custer Si.I. ...... 5.9 6.8 2.30 12.0 13.0 0.36 
Mean 24.1 6.0 6.4 2.55 6.0 16.9 0.31 
_, 
"" 
TABLE 28.-Continued. -1 0, 
I 
1'1oisture 
I 
pH 
I 
Organic 
I 
Initial I Nitrification I Soluble 
Field Count y Soil equivalent, I matter, nitrate, rate (4 weeks), phosphorus,2 No.1 class % o.s" 10-20" % JJ.:_'.'.'N p.p.m. NOa-N p.p .m of P 
Holdrege soils 
36. Furnas Si.I. 23.1 6.6 1.71 9.5 9.3 0.52 
37. R ed Willow Si .I. 24.6 7.0 8.0 1.55 9.3 13.9 0.43 
38. Frontier Si .I. 19.9 6.5 6.9 2.25 15. l 18. 1 1.2 
39. Gosper Si.I. 23 .1 6.7 7.1 2.56 17.1 24.4 0.29 z 40. Phelps S1.l. ...... 6.3 6.8 2.93 20.0 19.0 1.56 
"' 41. Hayes Si.I. 6.7 7.4 2.37 4.0 16.5 0.54 "' 
"' 42. Chase L. 6.7 7.6 1.95 13.0 12.0 0.68 ;,,. ~ 43. Chase L. 6.7 7.3 1.82 2.5 15.0 0.54 ;,,. 
44. Red Willow Si.I. 6.8 7.6 1.75 7.5 15.0 0.57 :,; 
45. Phelps Si .I. 6.2 6.6 2.23 3.5 16.5 0.27 t:l 
46. Phelps Si.I. 6.3 6 .7 2.58 6.5 23.0 0.63 t'1 ...... ;,,. 
47. Hitchcock Si.I. 7.0 7.2 I.75 0.5 16.0 0.25 "' C'l 47a. Frontier Si.I. 7.6 7.2 2.25 12.5 17.0 0.44 :i: 
47b . Harlan Si.I. ...... 6.2 6.8 1.56 8.1 13.4 0.1 8 t;:I 
47c. Hitchcock Si.I. 6.5 7.3 2.01 11.9 17.1 0.26 ~ t"' 
t"' 
Mean 22.7 6.6 7.2 2.08 9.4 16.4 0.56 ~ z 
Keith and Sherman soils ... '1 
~ 
48 . Cheyenne Keith 1. 22.2 6.5 6.7 2.45 3.5 10.9 
49. Cheyenne Keith 1. 21.4 6.4 6.7 I.77 29.0 6.0 0.60 
50. Sheridan Keith si .l. 22.6 6.5 6.7 2.08 122.0 28.0 0.48 
51. Box Butte Keith 1. 22.8 6.3 6.6 1.86 0.3 20.9 
52 . Dundy Keith si.l. 22.8 6.7 7.5 2.24 26.0 6.5 0.37 
53. Lincoln Keith 1. 21.0 6.0 6.5 2.25 26.0 9.0 2.32 
54. Box Butte Sherman 1. 22.3 6.8 6.9 1.79 5.6 13.8 0.55 
55. Chase Sherman si .l. 23.4 7.1 7.3 2.19 9.6 14.4 0.72 
56. Sheridan Keith 1. 23.2 8.0 8.2 1.96 16.4 26.4 0.28 
57. Morrill Keith v.f.s.l. 6.7 7.7 2.02 18.5 34.0 0.54 
TABLE 28.-Contintted. 
~foisture 
I 
pl-I 
I 
Organic I Init ial I Nitrification I Soluble 
Field I County I 
Soil equi valent, 
I 
matter, rnlrate, rate (4 weeks) , phosphorus,• 
No.1 cla ss % 0-8" 10-20" % p.p.m. p.p.m . NO,-N p.p .m. of P NO,-N 
58. Sheridan Keith I. 7. 1 7.4 2.65 9.5 35.5 0.87 
59. Sheridan Keith I. 7.3 7.9 2.23 5.0 15.0 0.19 C'l 0 60. Hitchcock Keith I. 7.0 7.1 1.81 5.0 19.0 0.33 ii:: 
60a. Cheyenne Keith 1. 6.3 7.4 2.16 11.9 19.6 0.38 ii:: t,i 
60b. Dundy Keith I. 7.2 7.7 1.95 9.4 12.1 0.79 i Mean 22.4 6.8 7.2 2.09 19.8 18.1 0.65 
"1 
Rosebud soils ~ 61. Box Butte Rosebud sa.l. 15.6 7.6 8.0 2.03 12.5 17.5 0.33 
62. Cheyenne Rosebud I. 22.2 7.9 8.5 2.22 21.0 26.8 0.28 ~ 63. Kimball Rosebud si.l. 8.2 8.2 27.5 11.0 0.16 i,: 
64. Box Butte Rosebud sa.l. 12.l 7.0 1.33 11.3 0.65 >,t 
0 
Mean 16.6 7.7 8.2 1.89 20.3 16.7 0.35 
:,0 
~ 
Other soils z 
65 . Perkins Dunlap si.l. 22.2 5.8 5.9 1.84 55.0 40.0 0.79 i;J :,0 
66. Kimball Dunlap si .l. 21.0 7.5 7.2 2.75 20.0 29.5 0.81 ~ 67. Kimball Dunlap si.l 8.0 7.4 2.16 5.0 12.5 0.33 ~ 67a. Perkins Dunlap si.l 5.8 7.0 2.59 40.0 45.5 0.41 ~ 68. Howard Wann f.s.l. 17.6 8.3 7.3 2.53 0.7 15.6 0.20 
69. Colfax Wann f.s.l. 18.4 8.1 8.2 2.55 28.8 33.6 0.15 
70. Colfax Wann f.s.l. 8.4 8.6 3.14 2.0 31.5 0.15 
70a. Colfax Wann f.s.l. 8. 1 8.7 2.25 24.0 24.0 
71. Johnson Carrington c.l. 24.3 5.6 5.6 6.5 15.5 0.14 
72. Pawnee Carrington ,c.1. ...... 5.6 6.3 2.23 1.0 15.0 0.11 
73. Johnson Carrington si.,c.lc ...... r5.5 6.1 2.37 4.5 15.0 0.03 
..., 
..., 
TABLE 28.-Continued. 
Field I County No.1 
73a. Seward 
73b. Pawnee 
74. Gage 
75. Douglas 
76. Lincoln 
77. Hitchcock 
77a. Colfax 
Soil 
class 
Carrington si.c.l. 
Carrington si.c.l. 
Burchard si.c.l. 
Marshall si.l. 
Anselmo sa.l. 
Bridgeport sa.l. 
Moody si.l. 
1 See Table 30 for location of fields. 
2 Soluble phosphorus determined on extraction o[ 
a Geometric means of pH values. 
' Omitted in determination of mean for all samples. 
t Nitrification rate of limed soil was 37 .6 p .p.m. 
• Nitrification rate of limed soil was 31.2 p.p.m. 
7 Vah1e. in parentheses from JO . to 20-i nch depths. 
:Moi sture 
I 
p H 
equi valen t , I % 0-8" 10-20" 
6.l 6.3 
5.6 6.2 
5 .8 6.3 
5.9 6.2 
6.5 6.7 
7.1 7.7 
5.7 5.8 
1.5 parts buffer soluti on to l part soil . 
I 
Organic I Initi al 
m atter, nitrate, 
% p.p.m. NO,-N 
2.18 3.0 
2.20 1.3 
2.79 2.0 
2.65 1.0 
1.19 0.5 
0.77 1.5 
2.90 5.8 
I Nitrifi cation I Soluble 
rate (4 weeks), phosphorus,~ 
p.p.m. NO,-N p.p.m. of P 
23.0 0.17 
20.2 0.12 
16.0 0.12 
14.5 0.11 
10.0 0.60 
14.5 0.30 
20.0 0.11 
" ex, 
z 
!;J g; 
"' :,,: 
;,. 
~ 
"' M ;,. 
~ 
:i: 
t:,:I 
C: 
~ 
!'.l 
z 
-
" N) 
TABLE 29.-Cation exchange capacity and exchangeable cations in soils from certain experimental sites, 1948-1952. 
Cation exchange Exchangeable bases in m .e./100 grams and per cent saturation
1 
Field County capaci ty Total I Calciuni v I Magnesium V I Potassium VI Sodium No. 
0-8" I l0-20" 0-8" I I 0-20" 0-8" I I 0-20" 0-8" I 10-20" I o-8" I 10-20" 0-8" I l0-20" 
Sharpsburg soils n 0 
I. Dodge 22.8 24.5 21.5 22.9 15.0 15.2 5.0 6.5 1.4 1.0 0.1 0.2 :,:: 
(94) (94) (66) (62) (22) (26.5) (6.0) (4) (0.4) (0.8) ~. ill. 3. Cass 27.8 36.0 21.1 28.5 14.9 20.5 4.7 7.0 1.4 0.9 0.1 0.13 [") 
(76) (79) (54) (57) (17) (19) (5.0) (2.5) (0.4) (0.4) > 
Sa. Lancaster 23.5 27.4 20.5 25.9 13.1 16.7 6.3 8.3 1.0 0.7 0.1 0.2 r 
>,j (87) (95) (56) (61) (27) (30) (4.3) (2.6) (0.4) (0.73) ~ 
Mean 24.7 29.3 21.0 25.8 14.3 17.5 5.3 7.3 1.3 0.9 0.1 0.18 r 
(86) (89) (59) (60) (22) (25) (5. 1) (3.0) (0.4) (0.65) ;;; M 
"' "' 
Crete soils .,, 0 
12. York 19.4 22.5 16.3 18.8 11.6 14.0 3.2 3.8 1.5 0.9 0.03 0.08 "' 
(84) (84) (60) (62) (16) (17) (8) (4) (0.15) (0.35) ~ 
13. Fillmore 21.8 34.8 19.7 31.7 13.8 22.6 4.5 7.0 1.2 1.5 0.2 0.6 z 
...; (90) (91) (63) (65) (20) (20) (5.5) (4.3) (0.9) (l.7) M 
"' 16. Clay 22.3 33.6 18.9 28.3 11.8 17.9 2.7 5.5 4.1 4.8 0.3 0.13 
-<' (85) (84) (53) (53) (12) (16) (18) (14) (1.3) (0.4) < :,: 
18. Adams 18.6 22.1 17.4 20.2 12.6 13.7 3.6 5.2 1.2 1.2 0.05 0.1 r-, 
(94) (92) (68) (62) (19) (24) (6.5) (5.4) (0.3) (0.5) 
,. 
...; 
19. Adams 17.5 25.0 16.0 23.7 9.5 16.7 5.0 5.5 1.4 1.3 0.1 0.2 
(91) (95) (54) (67) (29) (22) (8) (5.2) (0.6) (0.8) 
Mean (except 
5.4 Clay) 19.3 26.12 I 7.4 23.6 11.9 16.7 4.1 1.3 1.2 0.10 0.25 
(89.5) (90.5) (61) (64) /21 ) (21) (7) (4.7) (0.49) (0.84) 
_, 
<.O 
TABLE 29.-Continued. 
Cation exchange 
Field County capacity Total I No. 
0-8" I 10-20" 0-8" I 10-20" I 
25. York 20.2 19.1 17.8 17.7 
(88) (93) 
26. Hamilton 17.7 22.0 18.0 20.8 
(100) (95) 
27. Hamilton 18.7 20.2 16.3 18.2 
(87) (90) 
29. Kearney 19.3 23.7 18.1 26.1 3 
(94) (100) 
30. Kearney 20.7 22.l 18.9 21.8 
(91) (99) 
Mean 19.3 21.4 17.8 20.4 
(90) (95) 
36. Furnas 18.5 17.0 .. .. .. 
(91) ( ... . ) 
37. Redwillow 20.l 26.5 23.o• 31.63 
(100) (100) 
47a. Frontier 18..5 20.5 16.3 20.0 
(88) (98) 
47b. Harlan 16.4 23.6 15.5 21.6 
(95) (92) 
Mean 18.4 23.5 16.3 20.8 
(94) (97) 
Exchangeable bases in m.e./ 100 grams and per cent saturation1 
Calcium I Magnesium I Potassium I 
0-8" I 10-20" I 0-8" I 10-20" I 0-8" I 10-20" \ 
Hastings soils 
13.2 12.6 3.2 3.9 1.4 1.1 
(65) (66) (16) (20) (6.9) (5.8) 
12.4 15.2 3.9 4.0 1.7 1.5 
(70) (69) (22) (18) (9.6) (6.8) 
12.0 13.7 2.8 3.3 1.5 1.1 
(64) (68) (15) (16) (8 .0) (5.4) 
13.4 20.0 3 2.9 4.5 1.2 1.4 
(69) (74) (15) (19) (6.2) (5.9) 
13.8 14.9 3.3 4.4 1.7 2.2 
(67) (67) (16) (20) (8.2) (10.0) 
13.0 14.8 3.2 4.0 1.5 1.5 
(67) (69) (I 7) (19) (7.8) (6.8) 
Holdrege soils 
11.5 3.9 1.5 
(62) ( .... ) (21) ( ) (8.1) ( ) 
16.8 8 23.88 4.5 6.5 1.7 1.2 
(69) (71) (22) (25) (8.5) (4.5) 
11.0 14.2 3.6 4.5 1.5 1.1 
(59) (69) (19) (22) (8. 1) (5.4) 
9.8 13.8 4.3 6.4 1.2 1.1 
(60) (68) (26) (27) (7.3) (4.7) 
12.3 14.0 4.1 5.8 1.5 1.1 
(63) (69) (22) (25) (8 .0) (4.9) 
Sodium 
0-8" I 10-20" 
0.05 0.13 
(0.25) (0.68) 
0.0 0.08 
(0.0) (0.36) 
0.05 0.08 
(0.27) (0.40) 
0.57 0.16 
(3.0) (0.67) 
0.13 0.31 
(0.63) (1.40) 
0.16 0.15 
(0.83) (0.70) 
0.08 .. .... 
(0.43) ( ... ) 
0.03 0.10 
(0.15) (0.38) 
0.16 0.17 
(0.86) (0.83) 
0.15 0.30 
(0.91 ) (1.27) 
0.10 0.19 
(0.59) (0.83) 
00 
0 
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~ 
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TABLE 29.-Continued. 
Cation exchange Exchangeable bases in m.e./100 grams and per cent saturation' 
Field County capacity Total I Calcium I Magnesium I Potassium I No. 
0-8" I 10-20" 0-8" I 10-20" 1 0-8" I 10-20" I 0-8" I 10-20" 1 o-8" 1 10-20" 
Keith and Rosebud soils 
50. Sheridan 18.5 26.0 27.l• 27.0• 19.1 8 17.88 5.3 7.0 2.6 2.1 
(100) (100) (57) (65) (29) (27) (14.0) (8.1) 
61. Box Butte 16.5 14.5 23.98 • 21.4 8 • 1.2 2.0 1.3 1.0 
(100) (100) (85) (79) (7.3) (14) (7.9) (6.9) 
60a. Cheyenne 17.3 21.0 14.9 21.2 9.7 13.8 3.4 5.1 1.6 2.1 
(86) (100) (56) (66) (20) (24) (9.2) (10.0) 
Mean 17.4 20.5 ...... . ..... 3.3 4.7 1.8 1.7 
(95) (100) (66) (70) (19) (22) (10.4) (8.3) 
1 Percentage saturation shown in parentheses. 
2 Mean value would likely be higher if the 10- to 20-inch depth represented the B horizon in all the fields. 
3 Slightly calcareous samples. 
• Moderately calcareous samples. 
Sodium 
0-8" I l0-20" 
0.10 0.10 
(0.54) (0.38) 
0.00 0.00 
(0.00) (0.00) 
0.16 0.17 
(0.92) (0.81) 
0.08 0.09 
(0.49) (0.40) 
n 
0 
... 
:; 
~ 
~ 
§ 
t-
~ 
~ 
"1 
~ 
~ 
z 
~ 
~ ; 
> .., 
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TABLE 30.-Location, soil series classification and cropping practice of 1948-1952 
fertilizer experimental sites for winter wheat. 
Field I Year Soil Cropping I 
No. t~!t Cooperator County series practice Comments 
---'-- -- '------- -'-------'---------'-- ------'-----
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Sa. 
Sb. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 . 
18. 
19. 
20. 
21. 
22. 
23. 
23a. 
23b. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
35a. 
35b. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
1948 
1949 
1949 
1950 
1950 
1950 
1951 
1951 
1952 
1952 
1949 
1948 
1949 
1948 
1949 
1949 
1949 
1949 
1949 
1949 
1948 
1950 
1950 
1951 
1951 
1952 
1952 
1949 
1949 
1948 
1948 
1948 
1948 
1949 
1949 
1950 
1950 
1951 
1951 
1952 
1952 
1948 
1949 
1950 
1950 
1951 
1951 
1951 
1951 
1951 
1951 
1951 
F. Brandt 
E. Miller 
H. Hunterman 
E. Miller 
M. P. Ward 
W.Heim 
L. Tank 
M . P. Ward 
A. Buell 
L. Bongers 
D . Schultz 
F. Rezn y 
Wagner 
C. Gewacke 
C. Newman 
J. Wiedel 
Van Spreckleson 
J. Karmazin 
A. Gangwish 
A. Gangwish 
G. Rader 
C. Newman 
L. Dana 
F. Sefrna 
M. Lovegrove 
W. Yost 
L. Lamoree 
G. H. Finney 
H. Beins 
H. Culbertson 
R . Daugherty 
M. Christensen 
C. Borgaard 
H. Urick 
E. Borchers 
H . Folz 
G. Seeman 
D. Oswald 
T. Tucker 
A. Wedholm 
H . Garey 
B. Duckworth 
H. Nickerson 
R . Schroeder 
D. Young 
Fair Grounds 
R. Luhrs 
R. Luhrs 
S. Quigley 
H . Youngquist 
A. Fitch & Son 
Dodge 
Dodge 
Cass 
Dodge 
Nemaha 
Richardson 
Dodge 
Nemaha 
Lancaster 
Dodge 
Butler 
Seward 
Saline 
York 
Fillmore 
Fillmore 
Thayer 
Clay 
N uckolls 
Adams 
Adams 
Clay 
l•illmore 
Clay 
Saline 
Fillmore 
Clay 
Polk 
York 
H amilton 
Hamilton 
Adams 
Kearney 
Kearney 
Phelps 
Adams 
Platte 
·webster 
Hamilton 
Howard 
Custer 
Furnas 
R ed Willow 
Frontier 
Gosper 
Phelps 
Hayes 
Chase 
Chase 
Red Willow 
Phelps 
Phelps 
Sl1arpsburg 
Sharpsburg 
v 11a1 ·1)sburg 
Sharpsburg 
Sharpsburg 
Sharpsburg 
Sharpsburg 
Sharpsburg 
Sharpsburg 
Sharpsburg 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Crete 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Hastings 
Holdrege 
Holdrege 
Holdrege 
Holdrege 
Holdrege 
Holdrege 
Holdrege 
Holdrege 
Holdrege 
Holdrege 
Holdrege 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Summer fallow 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Summer fallow 
Summer fallow 
Summer fallow 
Summer fallow 
Summer fallow 
Summer fallow 
Continuous 
Summer fallow 
Continuous 
Summer fallow 
Continuous 
Continuous 
Plot lost 
Plot lost 
Plot lost 
Plot lost 
Plot lost 
Plot lost 
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TABLE 30.-Continued. 
Field Year Soil Cropping I Comments No. of Cooperator County series practi ce 
tes t 
47 . 1951 R . Roose Hitci ,cock Ho ldrege Continuous 
47a . 1952 D. Swanson Frontier Holdrege Summer fa llow 
47b. 1952 D. Bantam Harlan Holdrege Summer fallow 
47c. 1952 W. Richard H itchcock Holdrege ::iummer fallow 
48. 1949 T. Carlson Cheyenne Keith Continuous Plot lost 
½9. 1949 T. Carlson C heyenne Keith Summer fallow 
50. 1948 F.Shannon Sheridan Keith Summer fallow 
51. 1949 C. Swanson Box Butte Keith Summer fallow 
52. 1949 E. Keiser Dundy Keith Summer fallow Plot lost 
53. 1949 C. Goedert Lincoln Keith Summer fallow 
54. 1949 R . Stenberg Box Butte Sherman Continuous 
55. 1950 H . Stock Chase Sherman Summer fallow (1) 
56. 1950 R . Schmidt Sheridan Keith Continuous (2) 
57. 1951 D . Kraeder Morrill Keith Summer fallow 
58. 1951 A. Nelson Sheridan Keith Summer fallow 
59. 1951 C. King Sheridan Keith Summer fallow 
60. 1951 0. Miller Hitchcock Keith Continuous 
60a. 1952 A. Westerhoff Cheyenne Keith Summer fallow 
60b. 1952 H . Stock Dundy Keith Summer fallow 
61. 1948 T. B. Kosmiscki Box Butte R osebud Summer fallow 
62. 1950 S. J. Flora Cheyenne Rosebud Summer fallow 
63. 1950 R. Gunderson Kimball R osebud Summer fallow 
64. 1950 Alliance Sta. Box Butte R osebud Summer fallow 
65 . 1949 Kimbel Perkins Dunlap Summer fallow 
66 . 1950 R . Gunderson Kimball Dunlap Summer fallow 
67. 1951 R . Gunderson Kimball Dunlap Summer fallow 
67a. 1952 G. Daughty Perkins Dunlap S11mmer fallow 
68. 1949 G. Vlock Howard ,vann Continuous 
69. 1950 F. Horejsi Colfax ,vann Continuous 
70. 195 1 F. Horejsi Colfax Wann Continuous 
70a. 1952 C. Kluck Colfax Wann Continuous 
71. 1950 W. Schuey Johnson Carrington Continuous 
72. 1951 0 . Beethe Pawnee Carrington Continuous 
73. 1951 W. Schuey Johnson Carrington Continuous 
73a. 1952 G. Van Andel Seward Carrington Continuous 
73b. 1952 H .Sommerhalder Pawnee Carrington Continuous 
74. 1951 C. Bartlett Gage Burchard Continuous 
75. 1951 E. Wieto Douglas Marshall Continuous 
76. 1951 E. Heffner Lincoln Anselmo Summer fa llow 
77. 1951 C. Carlson Hitchcock Bridgeport Continuous 
77a. 1952 B. Michales Colfax Moody Continuous 
No soil samples available 
78. 1948 J. Anderson York Crete Continuous Plot lost 
79. 1948 G. Gewacke Fillmore Crete Continuous Plot lost 
80. 1948 N. Ogden Fillmore Crete Continuous Plot lost 
81. 1948 P. Mumdorf Clay Crete Continuous Plot lost 
82. 1948 J. Karmazin N uckolls Cre te Continuous Plot lost 
83. 1948 C. Seeman Webster Cre te Continuous Plot lost 
84. 1948 H. Swanson Kearney Crete Continuous Plot lost 
85. 1948 A. Hablitzel Frontier Holdrege Summer fallow 
84 NEBRASKA RESEARCHB ULLETI N 172
TABLE 30.-Continuerl. 
Field Year Soil Cropping 
No. of Cooperator County series practice Comments 
test 
86. 1948 N. McNutt H ayes Holdrege Summer fallow 
87. 1948 W. Pollman Hitchcock Holdrege Summer fallow 
88. 1948 J. Keiser Dundy Keith Summer fallow 
89. 1948 I. Widger Chase Keith Su mmer fallow 
90. 1948 M. Keuten Perkins Dunlap Summer fallow 
Extreme drou th 
91. 1948 E. Anderson Cheyenne Rosebud Summer fallow 
92. 1948 W. Kelso Kimball Keith Summer fallow Plot los t 
93. 1948 W.Riis Box Butte Keith Summer fallow Plot lost 
94. 1949 Henske J efferson Crete Continuous 
95 . 1949 L. Hohlen Adams Hastings Continuous 
96. 1949 H. Beins Ha milton Hastings Continuous 
97. 1948 Exp. Sta . Farm Lancas ter Sharpsburg Continuous 
98 . 1948 C. R. Tyrrel Lancaster Wa ukesha Contin uous 
99. 1950 0. Broecker Harlan 
4M 
